4 


A monthly journal of cardiology 
published in association with 
the British Cardiac Society 


‘April 1988 


'M Bacchi, R Roncuzzi, R Zannoli, B Magnani 


Vol59 No4 





Determinants of left ventricular function one year after 
cardiac transplantation C J Reid, MH Yacoub 397 


Effect of nifedipine on enzymatically estimated infarct 
size in the early phase of acute myocardial infarction 
LJE Walker, G MacKenzie, A A J Adgey 403 


Nifedipihe ın acute myocardial infarction. an assessment 
of left ventricular function, infarct size, and infarct 
expansion: a double blind, randomised, placebo. 
controlled trial S O Gottlieb, L C Becker, J L Weiss, 

E P Shapiro, N C Chandra, J T Flaherty, S H Gottlieb, 

P Ouyang, E D Mellits, S N Townsend, M L Weisfeldt, 

B Healy, G Gerstenblith 411 


Assessment of left ventricular performance during 
percutaneous transluminal coronary angioplasty. a study 
by intravenous digital subtraction ventriculography 

M S Norell, J P Lyons, A H Gershlick, J E Gardener, 

MT Rothman, C A Layton, R Balcon 419 


Perforation thresholds and safety factors in in vivo 
coronary laser angioplasty 7 J Bowker, K M Fox, 
F W Cross, P A Poole-Wilson, S G Bown, 

AF Rickards 429 


Patterns of diastolic “dysfunction i in left ventricular 
hypertrophy £ M Shapiro, D G Gibson 438- 


Haemodynamic effects of short term intravenous 
amiodarone for hypertrophic cardiomyopathy A Branzi, 
.C Rapezzi, P M Benenati, G Binetti, G Piovaccari, 
446 


Crypablation of the accessory pathway in Wolff- 
Párkinsog White syndrome’ initial results and long term 
follow up AE Rowland, K Robinson, S Edmondson, 
DM Knott H Bental! 453 


Plasmia atriakrrgtriuretic polypeptide concentrations 
during. and after reversion of paroxysmal supraventricular 
tachyca z J R Oliver, N Twidale, C Lakin, M Cain, 
A MJc onkin, ABS 


' Bedside nuclear probe for detection and quantification of 
left to nght intracardiac shunts” B A Gould, J Turner, 
D H Keeling, NJ Ring, R R Cox, AJ Marshall 463 


Intermediate td late term results of Mustard's procedure 
„for complete transposition of the great artenes with an 
‘intact ventricular septum FJ Darvell,/ R Rossi, 

MB Rossi, P Fayers, R H Anderson, M L Rigby, 


JEA Shinebourne, C Lincoln 468 





British 
Heart 


Journal | 


Doubly committed subarterial ventricular septal defect. 
new morphological criteria with echocardiographic and 
angiocardiographic correlation ML Griffin, 

/ D Sullivan, R H Anderson, F J Macartney 474 


Correlations of lung morphology, pulmonary vascular 
resistance, and outcome in children with congenital heart 
disease A Bush, C M Busst, S G Haworth, AA Hislop, 
W B Knight, B Corrin, EA Shinebourne 480 


Cardiomyopathy in the Kearns-Sayre syndrome 
K S Channer, J L Channer, M J Campbell, 
y R Rees 7486 


Accessory mitral valve leaflet causing aortic regurgitation 
and left ventricular outflow tract obstruction: case report 
and review of published reports J Sono, R McKay, 
RM Arnold 491 


Familial atrial standstill caused by amyloidosis 
S Maeda, T Tanaka, T Hayashi 498 


Case reports 
Tnggered activity as a mechanism of recurrent 
ventricular tachycardia A K Bhandari, R A Hong, 
SH Rahimtoola 601 


Acute myocardial infarction after a wasp sting 
E Jones, MJoy 506 


Coronary artery aneurysms and myocardial infarction 
adult sequelae of Kawasaki disease? SJ D Brecker, 
H H Gray, PJ Oldershaw 609 


Dehiscence of an atheromatous plaque at an aortic 
valve commissure an unusual cause of acute aortic 
regurgitation CK Mok, JWL Tso, MA Khin 513 


Notices 516 


British Medical Association 


e 





ASTM CODEN BHJUAV 59(4) 397—516 (1988) 
ISSN 0007-0769 


British Heart Journal 


EDITOR Dennis Krikler 
EDITORIAL COMMITTEE 


P 25 F234 > 


ASSISTANT EDITORS MJ i nid Kim Fox, Peter Mills 


CliveP Aber Kate Bull Keith Dawkins John S Geddes TW Meade Alexander L Muir 


Paul J Oldershaw John Parker Philip A Poole-Wilson Maurice Raphael 


Roderic D Thomas John Watkins J L Wilkinson 
Editor: British Medical Journal 


TECHNICAL EDITOR Jane Dawson 
STATISTICAL ADVISER Stephen J W Evans 


Notice to contributors 


Papers relating to the heart and circulation should be sent in 
duplicate to the Editor, British Heart Journal, BMA House, 
Tavistock Square, London WCIH 9JR, and be pre- 
pared according to the Uniform requirements for manuscripts 
submitted to biomedical journals (Vancouver agreement) (Br 
Heart J 1984; 51: 1—6). Authors are asked to complete a 
copy of the checklist provided (1988;59:47 (January 
issue)) when submitting their manuscripts for publication. 
Receipt of a manuscript will be acknowledged only if a 
stamped addressed envelope (for UK contributors) or an 
international reply paid coupon (for overseas contributors) is 
provided. A covering letter must be signed by all authors 
stating that they have seen and approved the paper and that 
the work has not been, and will not be, published elsewhere. 
All authors will be required to transfer copyright of their 
articles to the journal before publication. (All material for 
possible publication (including Letters to the Editor) must 
be typed in double spacing with 4 cm margins.) 


Ethical standards 

Authors are expected to comply with the code of ethics 
known as the Declaration of Helsinki. Where appropriate, 
manuscripts should include a statement that the research 
protocol has been approved by the locally appointed ethics 
committee and that the informed censent of the subjects has 
been obtained. 


Case reports should convey only the essential facts of a 
case and the discussion and bibliography be kept to a 
minimum. They should have no more than three authors, 
should not exceed 1500 words, and include no more than 
two Figures. 


Abbreviations should not be used in the text, except for 
mathematical calculations and units of measurement. 


References must be cited precisely according to the 
Vancouver agreement and be typec in double spacing. As a 
general rule, no more than three references should be cited 
for any one statement. 

We are no longer able to check references for accuracy. 
Errors are perpetuated if authors copy references cited in 
another’s published work without checking them at source. 
In future authors will be responsible for the accuracy of any 
references cited: these should be checked at source or with 
the listing in Index Medicus. 


Units of measurement used in the authors’ work should 
be cited first followed by either the equivalent SI units or 
traditional units in parentheses. For Tables and Figures a 
conversion factor only should be given. 


David B Shaw 


Editor: Cardiovascular Research 
EDITORIAL ASSISTANT Anne Oliver 


Tables must be typed on separate sheets and not in the text. 
Titles should be provided, and all abbreviations used must 
be given in full in a footnote. 


Illustrations (for general requirements, please refer to Br 
Heart J 1984; 51: 1-6). 

Blectrocardiograms: Black and white prints only should 
be sent and not the original tracings. If several tracings are 
grouped in a single Figure only a few complexes should be 
shown; the width should not exceed 14cm unless a 
reduction in scale is possible. 

Echocardiograms: Since these will be reproduced at a 
width of 7 cm or less all unnecessary or irrelevant detail 
(such as electronic writing) should be removed. Labelling 
must be superimposed directly on to the print itself and 
only where essential be shown on an accessory drawing. 
Echocardiograms obtained with 30° sector scans or bistable 
equipment or recorded on ultraviolet paper are not suitable 
for publication. 

Figure legends must include an explanation of all 
abbreviations used in the Figure. 


Copyright permission to reproduce material published 
elsewhere must be obtained in writing and acknowledged in 
the manuscript. 


Proofs of articles accepted for publication will be sent for 
the author's approval. Proof corrections should be kept to a 
minimum. 


Notice to subscribers 

British Heart Journal is published monthly. The annual 
subscription rates are £83.00 inland and £105.00 overseas 
(USA $162-00). Combined rate: British Heart Journal and 
Cardiovascular Research £171 inland and £199 overseas. 
Orders should be sent to The Subscription Manager, 
British Heart Journal, BMA House, Tavistock Square, 
London WCIH 9JR. Orders can also be placed with any 
leading subscription agent or bookseller. (For the conven- 
tence of readers in the USA subscription orders ($162) with 
or without payment may also be sent to British Medical 
Journal, Box 560B, Kennebunkport, Maine 04046. All 
inquiries, however, must be addressed to the Publisher in 
London.) All copies are despatched by air-speed. First 
class rates available on request. 


COPYRIGHT © 1988 by the British Heart Journal. All 
rights reserved. No part of this publicanon may be 
reproduced, stored in a retrieval system, or transmitted in 
any form or by any means, electronic, mechanical, 
photocopying, recording, or otherwise, without the prior 
permission of the British Heart Journal. 


5-———————— a amma 


Apphcauot to mml af second class 
Ine 2225 Randolph Avenue, Avenel, NJ 07001, USA 
, "e 
k ^ 


Postage rate 1s pending at Rahway NJ Postmaster send address changes to British Heart Journal c/o Mercury Airfrelght 


ES \ Eres he) <> 584 
WRT WO 5 ASG f oid. m :59:397-402 


e 


Detefminants of left ventricular function one year 
after cardiac transplantation - 


pe. 

COLINJREID, MAGDI H YACOUB 45: ' 5 Z: ^C! 4 
(mS 

From Harefield Hospital, Middlesex Uu / 


T SUMMARY Left ventricular systolic function was assessed by radionuclide angiography in 107 
—M consecutive transplant recipients wlio were alive one year after operation. Mean (SEM) ejection 
A fraction was 62-4 (4-6) at rest and 68-8 (5-4) on exercise. The influence of donor-related factors 
i (donor age and sex, ischaemia time), recipient-related factors (recipient age and sex, frequency of 
acute rejection), type of i immunosuppression (cyclosporin/azathioprine or prednisolone/azath- 
ioprine), and frequency of hypertension on left ventricular function one year after operation was 
examined by univariate and multivariate analysis. There was a close association both at rest and on 
exercise between a higher ejection fraction and treatment with cyclosporin/azathioprine. There 
B: was a trend for lower donor and recipient age, shorter ischaemia time, and fewer rejection episodes 
~ to be associated with better left ventricular function, but this was not statistically significant. 
Left ventricular systolic function was well maintained in most patients a year after cardiac 
transplantation. The type ofimmunosuppression used had a strong infiuence on the left ventricular 





systolic function of the transplanted heart. 


Cardiac transplantation has become established as an 
effective form of treatment for patients with severe 
myocardial disease. The one year survival is 75— 
92%, '* and the quality of life of most of these patients 
is good. The late results of the operation are as yet not 
known. One of the main factors determining the 
longer terrn outcome of transplantation is left ven- 
tricular function, which can be influenced by several 
factors related to the donor or recipient or to the type 
of immunosuppression used. 

We have examined left ventricular function one 
year after transplantation and have assessed the 
possible influence of some of these factors. 


Patients and methods 


STUDY GROUP 

We studied 107 consecutive recipients who were 
alive one year after transplantation and who had 
undergone operation between February 1980 and 
December 1984 (fig 1). Four patients were not 
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were 101 men, and the age range of the group at the 
time of operation was 12-59 (mean 44-1) years. An 
orthotopic operation had been performed in 93 
(87%) patients and a heterotopic one in 14 (13%). 

During this period, 155 patients had cardiac 
transplantation. There were 44 early («1 year) ` 
deaths, 19/39 (48.7945) of those receiving pred- 
nisolone and azathioprine and 25/116 (21:595) of 
those on cyclosporin/azathioprine. The late mor- 
tality was 9/20 (4595) in the prednisolone and 
azathioprine group (follow up 15-88 (mean 49-5) 
months) and 4/01 (4-495) in the cyclosporin and 
azathioprine group (follow up 22-57 (mean 36-6) 
months). 


RADIONUCLIDE VENTRICULOGRAPHY 

Left ventricular function was assessed by 
measurement of ejection fraction with gated radio- 
nuclide cineangiography at rest and on exercise. Red 
blood cells were labelled in vivo with 15 mCi 
technetium-99m. Images were acquired with an all 


DU available for study because they lived abroad. There purpose parallel-hole collimator and a gamma scin- 
og tillation camera (Ohio-Nuclear). Studies were per- 
E formed with the patient at rest in the supine position 
b Requests for reprints to Dr Colm J Reid, Department of Cardiology, in & 40° left anterior oblique projection. Symptom 


limited exercise was performed in a semi-supine 
position on a bicycle ergometer with an initial 
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Patients 
155 


Survivors 
111 


Orthotopic 
93 (87%) 
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Heterotopic 
14 (1396) 





Fig 1 Sni Pepa on of patients who had cardiac transplants between February 


1980 and December 198: 


workload of 25 W and data were acquired over 10 
minutes once a steady state had been reached. 'The 
ejection fraction was calculated by the multiple 
regions of interest method with computer-deter- 
mined background areas. Exercise studies were not 
performed in heterotopic recipients in view of the 
difficulty in obtaining reliable electrocardiographic 
gating of the donor heart. 


VARIABLES 
Donor related 
Donor age and sex.—Figure 2 shows the age distribu- 


50 Donor's age 
9-40 (mean 21.7) yr 
Male 79 Female 28 


10 20 30 
Donor's age (yr) 


Fig2 Distribution of ages of donors. 


tion of the donors. Donors were aged from 9 to 40 
(mean 21-7) years. There were 50 (47%) donors 
below the age of 20, 38 (3595) between 20 and 30, 18 
(17%) between 30 and 40, and 1 (1%) aged 40. 
Seventy nine (7495) were male and twenty eight 
(26%) female. 

Ischaemia time.— The duration of the ischaemia time, 
defined as the time between clamping of the donor 
aorta and reperfusion of the donor heart in the 
recipient, varied from 70 to 300 (mean 138) minutes. 

Table 1 shows the variation in ischaemia time. 


Recipient related 

Recipient age and sex.—The age range of the 
recipients was 12-59 (mean 44-1) years (fig 3). Eighty 
five (79%) patients were aged >40 years at the time 
of transplantation. One hundred and one (94%) 
recipients were male. 

Acute rejection.— Table 2 shows the number of 
episodes of acute rejection in each patient in the first 
year after operation. A rejection episode was defined 
as one during which an endomyocardial biopsy 


Table 1 Distribution of ischaemia time of donor hearts 








Ischaenaa time No donors 
(min) (95) 

60- 90 7 
90-120 3 A 
120-150 25 (24 
150-180 15 m 
180-210 12 (11) 
210—240 
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Recipient's age. 
12-59 (mean 44-1) yr 
Male 101 Female 6 
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Fig3  Dutribunon of ages of recipients. 


specimen showed infiltration of interstitial, perivas- 
cular, or endocardial pyroninophilic mononuclear 
cells with or without myocytolysis. Patients were 
treated with methylprednisolone (1 g daily) for three 
days and/or antithymocyte globulin. The mean num- 
ber of rejection episodes per patient during the first 
year after operation was 2-7. 


Immunosuppression 

A combination of oral steroids (prednisolone 1-5 mg/ 
kg/day, reducing to 0-5 mg/kg/day) and azathioprine 
(2 mg/kg/day) was used as immunosuppression in the 
first 19 (18%) patients in this study. 

The next 88 (82%) patients were given a com- 
bination of cyclosporin (5-20 mg/kg/day) and 
azathioprine (2 mg/kg/day). Oral steroids were not 
routinely used in these patients. 


Hypertension 

Hypertension was defined as a blood pressure read- 
ing 2145/90 on two or more occasions during the 
first year. In the prednisolone and azathioprine 
group 2/19 (11%) were hypertensive and in the 
cyclosporin and azathioprine group 24/55 (44%) 
were hypertensive. 


Myocardial preservation 

St Thomas’ cardioplegic solution, 20 ml in 1 litre of 
normal saline introduced into the aortic root, was 
used for donor heart preservation in all cases. The 
hearts were then transported in Hartmann's solution 
at 4^C. 
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Table2 Occurrence of acute rejection in first year after 
transplantation 











No of eptsodes No of patients % 
0 10 9 
1 20 18 
2 17 16 
3 35 33 
4 6 6 
5 11 10 
6 6 6 
7 1 1 
8 1 1 
Statistical analysis 


Data were analysed by sımple and multiple linear 
regression. The regression coefficient was obtained 
and p value was determined. P < 0-05 was regarded as 
significant. 


Results 


LEFT VENTRICULAR FUNCTION 

The distribution of ejection fraction in the study 
group at rest (fig 4) and on exercise (fig 5) is shown. 
The ejection fraction was 60% in 75 (70%) patients 
at rest and 79% patients on exercise. Left ventricular 
function was impaired (ejection fraction « 5095) in 
12 (11%) patients at rest and three patients on 
exercise. 

'The mean (SEM) ejection fraction in a group of 
normal volunteers in our laboratory was 63 (3-0) 96 at 
rest and 71 (2-3) 9$ on exercise. Pooled data on 
ejection fractions in the normal population from 28 
centres world wide gave a value of 62-3 (6-1) % at rest 
and 70-3 (7-6) % on exercise.5 


40 _Ejection fraction (rest) 
30-81 (mean 64.3) % 
nz107 






0 
100 


60 70 80 ^90 
Ejection fraction (*h) 


Fig4 Range of ejection fraction of study group at rest. 
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30 „Ejection traction (exercise) 
35-96 (mean 70 5) "e 
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Number of patients 


0 
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Fig5 Range of ejection fraction of 82 patients undergoing 
exercise studies. 


UNIVARIATE ANALYSIS (TABLE 3) 

There was a significant association between treat- 
ment with cyclosporin and azathioprine and a higher 
ejection fraction at rest (p « 0-01) and on exercise 
(p « 0-001). Greater recipient age was associated with 
a lower ejection fraction at rest (p « 0-01) but not on 
exercise. 

There was a trend for lower donor age, smaller 
number of rejection episodes, and shorter ischaemia 
time to be associated with improved ejection fraction 
both at rest and on exercise but the 95% confidence 
limit for this trend was not statistically significant. 


MULTIVARIATE ANALYSIS (TABLE 4) 

With multivariate analysis the association between 
treatment with cyclosporin/azathioprine and higher 
ejection fraction at rest and on exercise persisted 
(p<0-05 and p «0-01 respectively). No significant 


Table3 Evaluation of influence of variables on rest and 
exercise ejection fraction by univariate analysis 





Regression 

coefficient t value p 

Rest 
Cydosporin 7-84 271 «001 
Recipient's age -0-25 72:31 « 001 
Donor's age — 0-28 —170 < 010 
Acute rejection ~105 -161 «050 
Donors sex (M) —3 40 —134 «050 
Ischaemia time 0-16 —0 66 > 050 
Recipient's sex (M) 239 0 48 > 050 

Exercise 

Cyclosporm 1151 3 46 < 0-001 
Recipient’s age —0 08 —0 60 > 050 
Donor's age —0 29 —138 < 050 
Acute rejecnon -105 —137 « 050 
Donor's sex (M) 2:30 0-73 > 050 
Ischaemia time -003 —0:86 « 050 
Recipient's sex (M) 1-41 0 24 > 050 
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Table4 Multivariate analysis of tnfluence of variables on 
left ventricular function (ejection fraction) 








Regression 

coefficient £ value p 

Rest 
Cyclosporin 658 213 «005 
Recipient's age — 0:20 2171 < 010 
Donor’s age —012 —0 69 «050 
Acute rejecuon —0 66 —100 «050 
Donor's sex (M) -310 —124 «050 
Ischaemia time —0 03 —1:36 « 050 
Recipient's sex (M) -171 —0 34 > 0-50 

Exercise 

Cyclosporin 11 36 308 < 001 
Recipient's age 001 001 > 050 
Donor's age ` 7016 —072 «050 
Acute rejection —0 31 —0 40 > 050 
Donor’s sex (M) 247 0-80 « 050 
Ischaemia time -003 -1% «050 
Reapient's sex (M) 0-64 011 0-50 





association was demonstrated between resting or 
exercise ejection fraction and the other variables. 


SUBGROUP ANALYSIS 

Table 5 shows an examination of factors relating to 
patients with the lowest (group A) and highest (group 
B) ejection fractions. 

Analysis of results confirmed that there is no 
significant difference between the distribution of 
factors apart from the type of immunosuppression 
used (table 6). 


IMMUNOSUPPRESSION: DISTRIBUTION OF 
VARIABLES 

Figure 6 shows the distribution of variables in the 
two immunosuppression treatment groups. 


Discussion 


Cardiac transplantation has become an effective 
therapeutic option in the management of end stage 
heart disease and can be performed with a low 
operative mortality and early postoperative mor- 
tality. The success of the procedure, however, will be 
determined by its ability to maintain normal cardiac 
performance both at rest and on exercise in the long 
term. 

In this study, we measured left ventricular ejection 
fraction determined by radionuclide angiography 
because this technique is non-invasive and provides 
some information about changes on exercise. These 
variables, however, in common with all ejection 
phase indices, suffer the disadvantage of being load- 
dependent. In a previous study we showed that after 
transplantation, the inotropic state of the left ventri- 
cle determined by load-independent indices was 
normal.$ But this form of assessment of ventricular 
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Table5 Distribution of variables in patients with lowest ejection fractions (group A) and highest ejection fractions 








(group B) 
EF% Rectprent’s Donor’s Acute Ischaemia Immuno- 
Case No Rest Ex age] sex age] sex rejection time suppression 
Group A 
1 32 (40) 47M 25M 6 110 Pred/Aza 
2 39 p» 19F. 30M 6 190 Cya/Aza 
3 40 (.— 48M 39 F 4 150 Cya/Aza 
4 41 (55) 46M 16M 3 115 Cya/Aza 
5 42 iss 54M 20F 3 255 Cya/Aza 
6 . 43 (5 51M 24M 3 115 Cya/Aza 
7 44 i52) 46M 23 F 3 90 Pred/Aza 
8 45 (54) 50M 18M 3 128 Pred/Aza 
Group B 
1 91 (95) 36F 22M 3 99 Cya/Aza 
2 91 (90) 43M 32F 0 120 Cya/Aza 
3 88 (96) 14M 9M 3 125 Cya/Aza 
4 88 (95) 53M 35M 5 120 Cya/Aza 
5 83 Dit 44M 18M 1 157 Cya/Aza 
6 83 (—) 34M 36M 0 239 Cya/Aza 
7 82 (79) 44M 26M 5 Cya/Aza 
8 80 (80) 48M 19M 4 139 Cya/Arzs 


Aza, azathioprme, Cya, cyclosporin; Pred, prednisolone. 


function could not be applied to the large numbers of 
patients in the current study and therefore the two 
studies cannot be compared directly. 

We found that in most cases the systolic function of 
the transplanted heart, as determined by left ven- 
tricular ejection fraction at rest and on exercise, was 
well maintained one year after operation. These 
findings accord with other studies in which radio- 
nuclide angiography was used’ ? and with data from 
cardiac catheterisation one year after transplanta- 
tion.’ 1° Contrary to the findings of Devineni et al 
who saw no increase in ejection fraction on exercise 
in patients treated with cyclosporin," we noted a 
significant increase in ejection fraction on exercise 
(72:5(1.4)95, compared with resting values 
65-6(1-:2)%) in the cyclosporin treated group. These 
results were significantly better than for those in 
patients treated with conventional immunosuppres- 
sion (61:1(2-5)95, 57-7(2-7)9/, respectively). 

We found that the only factor that was significantly 
associated with improved left ventricular function 
both at rest and on exercise was treatment with 
cyclosporin. The cyclosporin and azathioprine 
patients were significantly younger (43-4 vs 47-3 yr) 


and had fewer episodes of acute rejection (2:50 vs 
3-73) in the first year after transplantation than 
patients given prednisolone and azathioprine. In 
addition, their left ventricular function was better 
despite a significantly longer ischaemia time (142 5 ws 
118-2 min) and a higher frequency of hypertension 
(43-695 vs 105%). These factors assessed 
individually were not shown to exert significant 
influence upon ventricular function although there 
was a trend for younger donor and recipient age and, 
to a lesser extent, shorter ischaemia time and smaller 
number of rejection episodes to have a favourable 
influence on left ventricular function. Therefore, the 
mechanism by which cyclosporin exerts its beneficial 
effect on systolic function has not been defined. 
Despite examination of the distribution of variables 
in patients with the highest and lowest ejection 
fractions, no factor other than the type of immuno- 
suppression used was identified as being an impor- 
tant determinant of ventricular function. 

This work is part of a continuing programme to 
evaluate the long term results of cardiac transplanta- 
tion. It is hoped that the information provided will 
help in optimising the results of this procedure. 


Table 6 Comparison of ejection fraction (mean (SEM) ) and values of variables (mean (SEM) ) between group A and 





group B 
Recipient's Donor's Acute Ischaema Immuno- 
EF% age* age* rejection* Itme* suppression 
Group A 40-7 (1 44) 45 2 (3 80) 24 4 (2 60) 3-87 (0 48) 144 1 (19 2) Mie 5, Pred/ 
Group B 85 7 (151) 39 5 (4 20) 24 6 (3 37) 2 62 (0 73) 134 8 (17 0) Çya/Aza 8, Pred/ 


*There was no significant difference between groups A and B for any of these variables. 
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Fig 6 Distribution of variables m groups treated with 
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Effect of nifedipine on enzymatically estimated 
infarct size in the early phase of acute myocardial 
infarction 


LJ EWALKER, G MACKENZIE, AAJ ADGEY 


From the Regional Medical Cardiology Centre and Department of Community Medicine, Royal Victoria 
Hospital, and Queen's University, Belfast 


SUMMARY In a double blind placebo controlled trial, 434 patients with suspected myocardial 
infarction were randomised to treatment with nifedipine (n = 217)or placebo (n = 217) within six 
hours from the onset of chest pain. During the treatment period of 48 hours, a 10 mg capsule 
containing nifedipine or placebo was given sublingually every four hours for 24 hours, then orally 
every four hours for the next 24 hours. Acute myocardial infarction was confirmed in 295 patients 
(146 in the nifedipine group and 149 in the placebo group). The median delay time to intervention 
with nifedipine in patients with acute myocardial infarction was 11] minutes. Infarct size was 


. assessed by the estimation of release of creatine kinase isoenzyme MB and creatine kinase from 


blood samples taken every four hours for 48 hours. The total mean (SEM) creatine kinase MB 
released was 406-4 (27-2) IU/] in the nifedipine group and 345-7 (20-5) IU/I in the placebo group. 
Total mean (SEM) creatine kinase released was 2749-6 (165-1) [U/l in the nifedipine group and 
2698-4 (145-9) IU/1in the placebo group. In hospital mortality was similar for both the nifedipine 
and placebo groups (6:695 and 5:895 respectively). Treatment with nifedipine in the early phase of 


acute myocardial infarction seems to have no effect on enzymatically measured infarct size. 


Experiments in dogs suggest that nifedipine, a cal- 
cium channel blocking agent, can reduce the area 
of myocardial necrosis after coronary artery 
occlusion." Nifedipine can reduce cardiac work, and 
therefore myocardial oxygen demand, by decreasing 
peripheral vascular resistance as a result of its strong 
peripheral vasodilatory effect. It can also increase 
coronary blood flow by coronary artery vasodilata- 
tion and improve collateral blood flow.'?^* At a 
cellular level, nifedipine has been shown to reduce 
intramitochondrial calcium overload.* 

The success of nifedipine as a means of reducing 
infarct size in dogs has not been reproduced in 
clinical studies. This is perhaps surprising, in view of 
the apparently beneficial haemodynamic effects of 
nifedipine in the early phase of acute myocardial 
infarction in man." Two randomised, double blind, 
placebo controlled studies have failed to show 
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evidence of reduction of myocardial infarct size"? 
after the administration of nifedipine in patients with 
acute myocardial infarction. These two groups 
hypothesised that the relatively long delay to 
intervention with nifedipine in their studies (4-6 (0-1) 
hour (mean (SEM)) in the study by Muller et al} 5:5 
(2-9) hour (mean (SD)) in the study by Sirnes et al °) 
may have accounted for the failure of nifedipine to 
limit infarct size. A randomised double blind study of 
patients seen within 24 hours of the onset of symp- 
toms of acute myocardial infarction. showed no 
reduction in one month mortality in those who were 
treated actively with nifedipine compared with the 
placebo group. We planned to minimise the delay to 
intervention with nifedipine by starting treatment 
when patients were first seen by the staff of the 
mobile coronary care unit. 


Patients and methods 
All patients admitted with suspected myocardial 


infarction to the Regional Medical Cardiology Cen- 
tre, Royal Victoria Hospital between December 1984 
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and February 1986 were considered for entry to the 
study, which was double blind, randomised, and 
placebo controlled. Verbal consent was obtained 
initially. T'he variability of infarct size as measured 
by total release of creatine kinase MB isoenzyme was 
assessed from 55 patients who entered a pilot study. 
From this it was estimated that 200 patients with 
definite myocardial infarction were needed in the 
double blind study to detect a 20% reduction in 
infarct size. Definite myocardial infarction was 
defined as an increase in peak creatine kinase MB to 
> 30 IU/1 (more than twice the upper limit of normal) 
in a patient with central chest pain for >30 minutes 
that appeared to be cardiac in origin regardless of 
electrocardiographic changes. 

We excluded patients seen 26 hours after the 
onset of pain, those aged >75 years, and those with 
systolic blood pressure of <85 mm Hg. 

When patients were first seen an intravenous 
cannula was inserted and intravenous analgesia was 
given if required. When the patients’ condition was 
stable their eligibility for entry to the study was 
considered. Patients were randomly allocated to 
treatment with nifedipine or placebo by the attending 
doctor, who selected the next container available 
from a series of sequentially numbered containers 
provided by the pharmacy department and labelled 
as dictated by a randomisation schedule supplied by 
the statistician. Each container held sufficient cap- 
sules of either nifedipine or placebo to last the 48 
hour period of treatment. Access to information on 
which container contained nifedipine or placebo was 
restricted to the hospital pharmacist and the data 
processing supervisor. After the patient was dis- 
charged from hospital the supervisor broke the code 
to record the allocation to treatment with nifedipine 
or placebo on the questionnaire that recorded data on 
each patient. 

The initial sublingual dose of 10 mg nifedipine or 
placebo was repeated every four hours for 24 hours, 
and then an oral dose was given every four hours for 
the next 24 hours. When the patient was first seen 10 
ml of venous blood was taken. Further samples were 
taken from a heparinised intravenous cannula every 
four hours throughout the 48 hour study period for 
later estimation of creatine kinase MB, creatine 
kinase, aspartate transaminase, and myoglobin. 

All samples were centrifuged within 24 hours of 
being drawn and the sera were pipetted off and stored 
at 4°C. Subsequently these samples were analysed in 
batches. Creatine kinase and aspartate transaminase 
were assayed on a multichannel analyser. We used 
the CK-MB (NAC-act) UV-system kit (Boehringer 
Mannheim Diagnostica). All enzymes were assayed 
at 37°C. We used the Myoglobin RIA kit of NMS 
Pharmaceuticals for the radioimmunoassay of serum 
myoglobin. 
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Several hours after entry to the study, when the 
effect of any narcotic analgesia had worn off, patients 
were asked whether they wished to remain in the 
study. Pulse and blood pressure were recorded every 
half hour for two hours, then the pulse was measured 
hourly and blood pressure every four hours while the 
patient remained in the coronary care unit. Routine 
investigations (for example blood gases and elec- 
trocardiograms) took place as usual in the coronary 
care unit. 

Intravenous streptokinase was given to 44 patients 
in this study (27 of whom were in the nifedipine 
group and 17 in the placebo group). Criteria for the 
administration of this drug were (a) age <70, 
(b) ST segment elevation of 24 mm on the initial 
electrocardiogram, (c) total delay time <4 hours, 
(d) no contraindications to anticoagulant treatment. 
In patients with successful recanalisation after strep- 
tokinase treatment, creatine kinase concentration 
peaks earlier and these patients have a greater 
cumulative release of creatine kinase than conven- 
tionally treated patients with an infarct of similar 
size.’ For this reason patients who had received 
streptokinase were excluded retrospectively from the 
randomised controlled trial. 

Patients were withdrawn from the study if (a) two 
consecutive capsules had to be omutted because 
systolic blood pressure had fallen to « 85 mm Hg or 
(b) if the patient refused to participate further, or (c) 
if side effects developed that seemed to be related to 
nifedipine treatment. 

One ofus completed a questionnaire on all entrants 
to the study. This contained information on patients’ 
baseline characteristics, cardiac enzyme results, need 
for additional drug treatment during the 48 hour 
study period, and major complications occurring 
during the hospital stay. 'T'he data were entered into a 
magnetic file on a PDP 11/34A computer by the staff 
of the data processing department of the Department 
of Community Medicine, of Queen's University, 
Belfast. 


CALCULATION OF INFARCT SIZE 

Infarct size was calculated by a computer program 
incorporating Norris's adaptation of Sobel's formula 
(that is integ-ated appearance function for creatine 
kinase =Et + Kd ), E dt). All estimates of total 
creatine kinase and total creatine kinase MB released 
using this program were made by one of us. T'he peak 
values of creatine kinase, creatine kinase MB, aspar- 
tate transaminase, and myoglobin and the time from 
the onset of chest pain to peak values were also 
recorded. 

On completion of the study, statistical analyses 
were carried out by SPSS-11 (Statistical Package for 
the Social Sciences) on a PDP 11/34A computer. 
Statistical tests used included y? test on discrete 
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Total number of 
patients in study 








Nifedipine Placebo 
217 217 
Non-myocardial Myocardial Non-myocardial Myocardial 
infarction infarction infarction infarction 
1 146 68 149 





Received Myocardial 
streptokinase infarction 
27 119 


Continued Withdrawn 
106 13 


Distribution of patients between nifedipine and placebo treated groups. 


Fig 1 


variables and Student’s t test arid one way analysis of 
variance on continuous variables. The 5% level of 
significance was used throughout the study. Multiple 
regression methods of analysis were also used. 


Results 


Four hundred and thirty four patients with suspected 
myocardial infarction entered the study. Two hun- 
dred and seventeen were randomised to treatment 
with nifedipine and 217 to placebo. Acute myocardial 
infarction was confirmed in 295 patients—146 in the 
treatment group and 149 in the placebo group. Of 44 
patients with definite myocardial infarction who 
received thrombolytic treatment, 27 were in the 
treatment group and 17 were in the placebo group. 
This difference in the proportion of patients 
allocated to treatment or placebo was not statistically 
significant. A further 25 patients withdrew from the 
study (13 in the treatment and 12 ın the placebo 
group) (fig 1). Reasons for withdrawal included: 
(a) patient refusal to participate further (exght in the 
nifedipine treated group and five in the placebo 
group); (b) development of hypotension (systolic 
blood pressure «85 mm Hg) in five patients in the 
nifedipine treated group and six patients in the 
placebo group; (c) need for nifedipine treatment in 
one patient in the placebo group. Data from patients 
who received streptokinase or who were withdrawn 









Received 
streptokinase 
17 
Continued Withdrawn 

' 120 12 


from the study were excluded retrospectively from 
the analysis. Tables 1 and 2 summarise baseline 
characteristics of the remaining 226 patients with 
myocardial infarction who completed the study. 
Only three baseline characteristics were significantly 
different in the nifedipine and placebo groups. More 
patients (60: 106 (56-6%)) in the nifedipine group 
had a history of angina than those in the placebo 
group (50: 120 (41 795) (p < 0:05). A significantly 
smaller proportion of patients in the nifedipine group 
were current smokers than in the placebo group 
(34-99, versus 51:795 respectively) (p < 005). 
Patients in the nifedipine group were less likely to 
have needed atropine when they were first seen 
(2-895 versus 9:29) (p < 0-05) (table 1). 


CARDIAC ENZYME DATA 

Values for peak creatine kinase MB, total creatine 
kinase MB released (figs 2 and 3), peak creatine 
kinase, total creatine kinase released, peak aspartate 
transaminase, peak myoglobin, and the times to the 
peak activities of all the enzymes in patients in the 
nifedipine and placebo groups were compared by 
Student's z test, as were the values of the individual 
dissociation constants (Kd) used in the esumation of 
enzyme release. In all but 15 patients (eight in the 
nifedipine group and seven patients in the placebo 
group) the size of the infarct could be estimated from 
the total creatine kinase MB released. Results were 
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Tablel Baseline variables in the 226 patients with 
myocardial infarction randomised to nifedipine (N) or 
placebo (P) 








N(%) P(%) 
Baseline variable (n= 106) (n= 120) 
Sex (male) m 87 (82:1) 95 (79 2) 
Past history of: 
60 (56 6) 50 (41- 
H ension 31 (29 2) 23 (19 2) 
betes mellitus 3 (28) 10 (83) 
Dyspnoca caused by coronary 1 (09) 3 
Previous myocardial infarction 35 (33-0 37 (30 B) 
Current smoker 37 (34 $ 62 (51 7) 
Regular medication before entry to the 
study: 
Nifedipme 25 (23 6) 23 (19 2) 
26 (245) 25 T 8) 
i 23 (21 7) 23 (19-2) 
Long acting nitrate 10 (94) 16 (13 3) 
Resuscitation from VF before entry to 4 (38) 4 63) 
study 
Medication before being seen by ward 
staff: 
Narcotic analgesia 28 (26 4) 21 (17 
Sublingual glyceryl trinitrate 27 (25 5) 25 (20 8 
Cardioactive drugs ward staff: 
blocker 4(38 5 (42) 
juretic 14 (132) 16 (13 3) 
Atropine 3 (28) 11 (92) 
hıc deta: 
Initial beart rhythm smus 105 (99:1) 117 (97 5) 
ST ent elevation on the intial 
EC 62(585) 79 (65-8) 
Site of infarct: 
Anterior 45 iH 51 (42 
Infenor 38 a 8 41 (342 
Other 25 (23 5) 28 (23:3) 
Type of infarct: ' 
Transmural 69 (65-1) 76 (63 3) 
Subendocardial 14 (13:2) 20 (16 7) 
Other 23 (21 3 24 (20 9 
No conduction disturbance on the 101 (95 3. 115 (958 
initial ECG 
Initial chest x ray: 
Normal 70 (66 0) 78 (65-0) 
Pulmonary vascular congestion 28 (26-4) 34 28:3) 
Pulmonary oedema 8 (75) 8 (67) 


ECG, electrocardiogram; VF, ventricular fibrillation. 


not available in these patients, either because a series 
of blood samples was incomplete or because fluctua- 
tion of enzyme activity made enzymatic estimation of 
infarct size impossible. In two patients in the treat- 
ment group and one patient in the placebo group, 
peak creatine kinase MB could be identified even 
though estimation of total creatine kinase MB 
released was not feasible. 

Total creatine kinase MB released was 406-43 
(27-22) IU/1 (mean (SEM)) in patients in the treat- 
ment group (n = 98) and 345-75 (20-48) IU/1 in 
patients in the placebo group (n — 113) (table 3). 
"This difference was not statistically significant. The 
range of total creatine kinase MB released was 51— 
1470 IU/1in the treatment group and 37--1199 IU/lin 
the placebo group (table 3, fig 2). Peak creatine kinase 
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Table2 Comparison of the means ( SEM) of the 
contmuous variables in the 226 patients with myocardial 
infarction 





Nifedipine Placebo 
(n= 106) (n 120) t 
) 60 10 (085) 5863(089) 1-16 
Weight (kg) 73 78 (1:26)  7383(104) 0-03 
Delay tme (min) 140 16 (8-02) 141 46 (743) 012 
edian delay time (min) 110 67 128 50 
Initial serum potassium” 413(052) 404(045) 1-36 
(mmol/) 
Initial urea (mmol!) 6'18 (023) 614(018) 0-13 


Iniual heart rate (beats/min) 77 68 (1:37) 
Initial systolic blood pressure 133-11 (2 40) 
(mm Hg) 


79 49 (146) 0-92 
134 19 (2-28) 033 


MB was not significantly different in the treatment 
group (n = 100) and in the placebo group (n = 114) 
(211-91 (12-77) and 189-38 (9-73) IU/ respectively). 
The range of values for peak creatine kinase MB was 
45-613 IU/ in the treatment group and 36-526 IU/1 
in the placebo group (fig 3). 

Multiple regression analysis showed no evidence 
ofa relation between the three baseline factors known 
to differ between treatment and placebo groups and 
in peak creatine kinase MB or total creatine kinase 
MB released. 

Estimates of infarct size from creatine kinase were 
available in fewer patients than estimates from the 
creatine kinase MB isoenzyme, primarily because 
creatine kinase activity had sometimes not returned 
to baseline values by the end of our 48 hour sampling 
period. This was the case in 10 (9-4%) patients in the 
treatment group and seven (5-8%) patients in the 
placebo group. In addition, we excluded results from 
patients in whom cardioversion was performed or in 
whom cardiogenic shock had developed or who 
received intramuscular injections, because these fac- 
tors are known to interfere with creatine kinase 
activity. Total creatine kinase released was 2749-64 
(165-14) IU/L in the treatment group (n = 77), and 
2698-39 (145-86) IU/1 in the placebo group (n = 89) 
(table 4). The range of total creatine kinase released 
was 591-9623 IU]/1 in the treatment group and 483- 
7154 IU/l in the placebo group (table 4). Peak 
creatine kinase was 1938-24 (156:63) IU/l in the 
treatment group (n = 87), and 1839-58 (118-64) IU/1 


Table 3 Total creatine kinase MB (IU/1) released by 
nifedipine and placebo treated groups 


Total creanne kinase MB released 406 43 (27-22) 345 75 (20 48) 
Range of total creatine kinase MB 51-1470 37-1199 


$ 
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[7] Placebo group 
Nifedipine group 


w © 
Total creatine kinase MB released (IU/I) 


Fig2 Total creatine kinase MB released by patients with myocardial infarction, 98 of 
whom were treated with nifedipine and 113 af whom were treated with placebo. 


in the placebo group (n = 96). The range of peak 
creatine kinase values was 423-9748 TU/I in the 
treatment group and 409-7923 IU/I in the placebo 
group. None of these differences was statistically 
significant. 

The time from the onset of pain to the peak 
creatine kinase MB was 18-20 (0:54) hours in the 
treatment group and 17:98 (0-58) hours in the 
placebo group. The time from the onset of pain to 
peak creatine kinase activity was 21:67 (0-70) hours in 
the treatment group and 21:34 (0:66) hours in the 








fa 


Peak creatine kinase MB (IU/() 


placebo group. Neither of these differences was 
statistically significant. 


Kd VALUES 

The mean (SEM) value of Kd used to estimate infarct 
size from creatine kinase MB in patients in the 
nifedipine group was 10772 (379) (1077) and 10252 
(308) (1077) in the placebo group. The mean (SEM) 
value of Kd used to estimate infarct size from creatine 
kinase in patients in the nifedipine group was 7536 


C] Placebo group 
‘GZ Nitedipine group 


Fig 3 Distribution of the peak creatine kinase MB values in 100 patients with 
myocardial infarction treated with nifedipine and 114 treated with placebo. 
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Table4 Total creatine kinase ( IUJI) released by nifedipine 
and placebo treated groups 


Nifedipine Placebo 
(n9 77) (n 89) 
(Mean ( SEM)) (Mean ( SEM)) 


Total creatine kinase released 2749 64 (165 14) 2698 39 (145 86) 
Range of creatine kinase 591-9623 483-7154 


(291) (1077) and 7042 (277) (1077) in the placebo 
group. These values were not significantly different 
(Student's : test). 


ASPARTATE TRANSAMINASE AND MYOGLOBIN 
Patients were excluded from the analysis if car- 
dioversion had been performed, if cardiogenic shock 
had developed, or if they had had intramuscular 
injections, because these factors are known to inter- 
fere with measurement of aspartate transaminase and 
myoglobin. 

Peak mean (SEM) aspartate transaminase was 
271:34 (17-36) IU/1 in the treatment group and 
268-51 (16-32) IU/1 in the placebo group. The range 
of peak aspartate transaminase was 58-840 IU/l in 
the treatment group and 39-930 IU/I in the placebo 
group. Peak mean (SEM) myoglobin was 1029 
(108-34) IU/I in the treatment group and 886-36 
(72-88) IU/1in the placebo group. The range of peak 
myoglobin was 54-7125 IU/l in the treatment group 
and 53-4725 IU/1 in the placebo group. 

Mean (SEM) time to peak aspartate transaminase 
was 24-35 (0-66) hours in the treatment group and 
23-79 (0-65) hours in the placebo group. Time to peak 
myoglobin was 10-99 (0-47) hours in the treatment 
group and 9-63 (0-45) hours in the placebo group. 

Thus none of the measured variables was sig- 
nificantly different in the nifedipine and placebo 
groups. 

The frequency of early ventricular fibrillation 
during the 48 hour study period, and of pulmonary 
oedema, reinfarction, and cardiogenic shock during 


Table 5 Occurrence of early ventricular fibrillation during 
the 48 hour study period and in hospital complications unth 
need for special procedures m patients with myocardial 
fnfarction 

——— ———————— 





D T 

(n7 106) (57120) 
Early ventricular fibrillation 4 (9 B 9 
Pulmonary oedema 12 (113 16 (133 
Reinfarction 5 (47) 3 (25) 
Cardiogenic shock 3 (2 4, 1 (08 

oversion 10 (9.4 12 (100 
Temporary pacemaker 6 (5:7) 2 (1 
insertion 

In hospital mortality 7 (66) 7 (58) 
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"Table 6 Need for additional treatment during the 48 hour 
study period in patients with myocardial infarction 


Nifedipme Placebo 
(%) (%) 
Additional drug (n= 106) (n= 120) 
Metoclopramide 18 (17 0) 21 (17 5) 
blocker 39 (36 Ki 37 (30 8) 
iuretic 48 (45-3 58 (48 3) 
Digoxin 8 (75 8 (9-7) 
Lignocaine 16 rp 21 (17 5) 
LT jd) BES 
Long acung nitrate 
Dobutamine 5 (47) a 7) 





the hospital stay was not different in the two groups 
(table 5). The need for special procedures, including 
cardioversion and insertion of a temporary transven- 
ous pacemaker, was not significantly different in the 
two groups (7^ test) (table 5). Seven patients in each 
group died during the hospital stay (table 5). 

The needs of patients for additional drugs (meto- 
clopramide, fi blockers, diuretics, digoxin, lignocaine 
or mexiletine, and preparations containing nitrate or 
dobutamine) in the 48 hour study period were not 
significantly different in the two groups (table 6). 


SUBGROUP ANALYSIS 

Infarct sizes estimated by total creatine kinase MB 
released by different sites and types of myocardial 
infarction were compared. The number of patients 
was too small for meaningful analysis, except in 
patients with transmural myocardial infarction. In 
these patients, total mean (SEM) creatine kinase MB 
released was significantly larger (496-4 (32-0) IU/D in 
the treatment group (n — 65), than in the placebo 
group (383-9 (24-4) IU/D (n — 72). 


Discussion 


The 48 hour treatment regimen of nifedipine used in 
this study did not affect infarct size as measured by 
total creatine kinase MB released or total creatine 
kinase released. Nor did it have an effect on cruder 
indicators of infarct size, including peak activities of 
creatine kinase MB, peak creatine kinase, peak aspar- 
tate transaminase, and peak myoglobin concentra- 
tion. These findings confirm the results of similarly 
designed studies by Muller ez al? and Sirnes et al," 
who suspected that the failure of nifedipine to limit 
infarct size was related to the relatively late interven- 
tion times in their studies (mean delay 4:6 hours and 


5:5 hours respectively). This was not a feature of our * 


study (mean total delay time in the treatment group 
was 2:3 hours). In a study by Branagan et ai (1986) 
.mean delay time to intervention with nifedipine was 
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3:3 hours but the number of patients in this study in 
whom infarct size was obtainable was too small for 
meaningful analysis (23 ın the nifedipine treated 
group and 17 in the placebo group) and there was no 
difference between the groups reported. Perhaps 
the dose and frequency of nifedipine used were 
suboptimal. But we were reluctant to expose patients 
to the hazard of excessive vasodilatation which could 
have resulted with larger doses of nifedipine. The 
dose of nifedipine chosen had in any case been shown 
to produce favourable haemodynamic effects in acute 
myocardial infarction.’ This earlier study found that 
in patients treated with nifedipine cardiac output was 
significantly higher and peripheral vascular resis- 
tance significantly lower than in control patients. 
Logically this reduction in afterload should reduce 
myocardial oxygen demand because cardiac work is 
less and hence infarct size should be reduced. 


WHY DOES NIFEDIPINE FAIL TO LIMIT INFARCT 
SIZE? 

The apparent lack of effect of nifedipine on the 
limitation of infarct size may be related to the 
development of relative hypotension in some 
patients, which would offset any benefit. Such a 
phenomenon was seen in experimental studies by 
Selwyn et af and Welman er al? They found that 
infarct size was increased in subgroups of animals 
treated with a dose of nifedipine that was 13 times 
higher than the dose that reduced infarct size. They 
suggested that this result could have been caused by 
the relative hypotension and reflex tachycardia 
produced by the larger dose of nifedipine. There was 
no evidence to suggest that this occurred in the 
studies performed by Muller et al * and Sirnes er al? 
Similarly, in our study there was nothing to suggest 
that relative hypotension was a problem-—there was 
no significant difference in the number of patients 
with cardiogenic shock between the nifedipine 
treated group and the placebo group (table 5). 
Perhaps the lack of evidence of a reduction in infarct 
size was related to the enzymatic method used. None 
the less, enzymatic estimation of infarct size by 
release of total creatine kinase MB has been validated 
by Grande et al’* and Hackel et al” who found a close 
correlation with anatomical infarct size. 

Our finding of a significant increase in infarct s1ze 
as estimated by total creatine kinase MB released in 
patients with transmural infarction in the nifedipine 
treated group was unexpected and is difficult to 
explain. 

Any interventon study in which enzymatic 
estimation of infarct size is the major end point 
requires a large number of patients in the treatment 


ra and control groups to allow for the variability of 
' infarct size between patients. It ıs possible that 
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nifedipine may have decreased infarct size but not to 
a detectable extent, given the statistical power of our 
study, which was designed to have a 95% chance of 
detecting a 20% reduction in infarct size as measured 
by total creatine kinase MB released. Estimation of 
the numbers required for any intervention study in 
acute myocardial infarction is complicated by the fact 
that the scale of reduction necessary to affect prog- 
nosis is not known. Like us, most investigators have 
aimed at discovering whether a 20 or 30% reduction 
in infarct size could be obtained. What is known, 
however, is that in patients with myocardial infarc- 
tion who have cardiogenic shock there 1s invariably 
evidence of extensive myocardial damage.'** 

In conclusion, early intervention with nifedipine 
treatment in the acute phase of myocardial infarction 
appears to have no effect on infarct size as measured 
enzymatically by total creatine kinase MB released, 
total creatine kinase released, nor does it seem to have 
any impact on peak aspartate transaminase activity or 
peak myoglobin concentrations. In hospital mor- 
tality in treatment and placebo groups was not 
significantly different. The contrast in the efficacy of 
nifedipine in the experimental and clinical settings 
makes us doubt the value of experimental assessment 
of limitation of infarct size. 


References 


1 Henry PD, Shuchletb R, Borda LJ, Roberts R, 
Williams JR, Sobel BE. Effects of nifedipme on 
myocardial perfusion and ischemic injury in dogs 
Circ Res 1978,43:372-80. 

2 Welman E, Carroll BJ, Lawson JS, Selwyn AP, 
Fox KM. Effects of nifedipine on creatine kinase 
release during myocardial ischemia in dogs. Eur J 
Cardiol 1978;7/5—6:379—89. 

3 Selwyn AP, Welman E, Fox K, Horlock P, Pratt T, 
Klien M The effects of nifedipine on acute 
experimental myocardial ischemia and infarction in 
dogs. Circ Res 1979344 16-23. 

4 Clark RE, Christlieb IY, Henry PD, er al. Nifedipine: a 
myocardial protective agent Am J Cardiol 1979; 
44:825-31 

5 Melin JA, Becker LC, Hutchins GM Protective effect 
of early and late treatment with nifedipine during 
myocardial infarcuon in the conscious dog 
Circulation 1984,69:131—41 

6 Yoshida S, Downey JM, Fnedman FR, Chambers DE, 
Hearse DJ, Yellon DM. Nifedipine lunits infarct size 
for 24 hours ın closed chest coronary embolized dogs. 
Basic Res Cardiol 1985,80:76—87 

7 Gordon GD, Mabin TA, Isaacs S, Lloyd EA, 
Eichler HG, Opie LH. Hemodynamic effects of 
sublingual nifedipine in acute myocardial infarction. 
Am J Cardiol 1984;53:1228~32, 

8 Muller JE, Morrison J, Stone PH, er al. Nifedipine 
therapy for patients with threatened and acute 


410 


myocardial] infarction: a randomized, double-blind, 
placebo-controlled comparison. Circulation 
1984;69:740-7. 

9 Sirnes PA, Overskeid K, Pedersen TR, et al. Evolution 
of infarct size during the early use of nifedipine in 
patients with acute myocardial infarcuon: The 
Norwegian Nifedipine Multicenter Trial. Circulation 
19845,70:638-44. 

10 Wilcox RG, Hampton JR, Banks DC, et al. Trial of 
early nifedipine in acute myocardial infarction: the 
Trent study. Br Med J 1986;293:1204-8. 

11 Blanke H, von Hardenberg D, Cohen M, et al. Patterns 
of creatine kinase release during acute myocardial 
infarction after nonsurgical reperfusion: comparison 
with conventional treatment and correlation with 
infarct size. J Am Coll Cardiol 1984;3:675-80. 

12 Norris RM, Whitlock RML, Barratt-Boyes C, 

>> Small CW. Clinical measurement of myocardial 
infarct size. Modification of a method for the estima- 
tion of total creatine phosphokinase release after 
myocardial infarction. Circulation 1975;51:614-20. 

13 Branagan JP,- Walsh K, Kelly P, Collins WC, 


Walker, MacKenzie, Adgey 


McCafferty D, Walah MJ. Effect of early treatment 
with nifedipine in suspected acute myocardial infarc- 
tion. Eur Heart J 1986;7:859—65. 

14 Grande P, Hansen BF, Christiansen C, Naestoft J. 
Acute myocardial infarct size estimated by serum 
CK-MB determinations: clinical accuracy and prog- 
nostic relevance utilizing a practical modification of 
the 1s0enzyme approach. Am Heart J 19813101:582-6. 

15 Hackel DB, Reimer KA, Ideker RE, et al. Comparison 
of enzymatic and anatomic estimates of myocardial 
infarct size 1n man. Circulation 1984;70:824—35. 

16 Harnarayan C, Bennett MA, Pentecost BL, Brewer DB. 
Quantitative study of infarcted myocardium in car- 
diogenic shock. Br Heart J 1970;32:728-32. 

17 Page DL, Caulfield JB, Kastor JA, DeSanctis RW, 
Sanders CA. Myocardial changes associated with 
cardiogenic shock. N Engl J Med 1971;285:133-7. 

18 Alonso DR, Scheidt S, Post M, Killip T. Patho- 
physiology of cardiogenic shock. Quantification of 
myocarcial necrosis, clinical, pathologic and electro- 
cardiographic correlations. Circulation 1973348: 
588-96. 


x^ 


Br Heart J 1988;59:411-8 


Nifedipine in acute myocardial infarction: an 
assessment of left ventricular function, infarct size, 
and infarct expansion 

A double blind, randomised, placebo controlled trial 
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NISHA CHIBBER CHANDRA, JOHN T FLAHERTY, SHELDON H GOTTLIEB, 
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From the Division of Cardiology, Department of Medicine, The Johns Hopkins Hospital and Francis Scott Key 
Medical Center, Baltimore, Maryland, USA 


SUMMARY The influence of nifedipine on left ventricular ejection fraction, infarct size, and infarct 
expansion was studied in a prospective, double blind, randomised, placebo controlled trial in 132 
patients with low risk acute myocardial infarction of < 12 hours duration, defined by an initial left 
ventricular ejection fraction > 35% and clinical Killip class of «II. Sixty four patients were 
assigned to nifedipine 120 mg/day and 68 to placebo. Treatment was started on average (SEM) 8-0 
(0-2) hours after onset of pain and continued for six weeks. Gated blood pool scans, thallium scans, 
and cross sectional echocardiograms were performed before treatment and at 10 days. There were 
no significant differences between the two groups in age, sex, cardiac risk factors, or use of other 
medications. Mean (SEM) global left ventricular ejection fraction was not different before 
treatment (nifedipine group 53 (2%), placebo group 55 (2%) and did not differ at 10 days 
(nifedipine group 54 (2%), placebo group 52 (2%). There were also no differences in regional wall 
motion or regional ejection fractions. Thallium defects quantified by computer analysis were 
similar in both groups before treatment (nifedipine 7-8 (0-7), placebo 7-9 (0-7)) and at 10 days 
(nifedipine 5-3 (0-7) placebo 5:3 (0-7)). In the subgroup of patients with transmural infarction who 
had good quality echocardiograms and serial studies (n — 30), there was no difference in mean 
(SEM) baseline infarct segment lengths between the two groups (nifedipine 70 (4) mm, placebo 65 
(4) mm); however, the nifedipine group demonstrated no significant change in infarct segment 
length between the initial and 10 day studies (+ 0-6 (3) mm) while there was a significant increase in 
the infarct segment length in the placebo group (-- 7-8 (4) mm). The infarct segment length 
increased by >1 cm in seven (47%) placebo patients but in only one (7%) nifedipine patient. The 
nifedipine group had a significant initial 10% decrease in mean arterial pressure whereas there was 
no change in the placebo group; this blood pressure difference persisted for 10 days. 

Thus although the early administration of nifedipine has no detectable effect on clinical outcome 
and infarction size, it may reduce early infarct expansion via an afterload reduction mechanism in 
patients with transmural infarction. These initial results must be interpreted with caution and need 
to be confirmed in a larger trial. 
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angina,** and there are theoretical reasons to suggest 
that it may also be beneficial in the treatment of acute 
myocardial infarction. These include a reduction of 
afterload mediated by peripheral vasodilatation, an 
increase in coronary flow via coronary vasodilator 
and antispasm effects, and the possibility of a direct 
protective effect on the myocardium. Animal studies 
have shown a reduction of infarct size with nifedipine 
given before and after coronary occlusion." In 
addition, nifedipine may limit infarct expansion 
because left ventricular wall tension is an important 
determinant of expansion when the infarction is 
transmural.’ 

Several controlled studies have examined the effect 
of the early administration of nifedipine in patients 
with acute myocardial infarction and have 
demonstrated no significant reduction in myo- 
cardial infarction size measured by creatine kinase 
release.” One of these studies suggested that there 
may be an increased early mortality associated with 
nifedipine treatment’; however, the TRENT study 
which randomised 4491 patients showed no 
significant effect of lower dose nifedipine treatment 
(10 mg four times daily) on mortality." None of these 
studies has shown beneficial effects of early 
nifedipine treatment on indices of infarction size or 
clinical outcome. The present study examines the 
effects of the early administration of a larger dose of 
nifedipine on global and regional left ventricular 
function, infarct size by quantitative scintigraphic 
techniques, and infarct expansion in patients with 
acute myocardial infarction. 


Patients and methods 


PATIENT SELECTION 

We studied patients admitted to the coronary care 
units at the Johns Hopkins Hospital and Francis 
Scott Key Medical Center between the ages of 30 and 
75 years with the clinical diagnosis of acute myocar- 
dial infarction of less than 12 hours duration. We 
selected only “low risk" Killip class I or II patients 
with an initial left ventricular ejection fraction by 
gated blood pool scan of 7 3594. Myocardial infarc- 
tion was defined as typical ischaemic chest pain 
which lasted for at least 30 minutes with associated 
electrocardiographic changes of ST segment eleva- 
tion 7] mm, new Q waves, or persistent T wave 
inversions in at least two leads. Enrolment did not 
require enzymatic confirmation of infarction because 
treatment had to be started within 12 hours of the 
onset of chest pain. Informed written consent, which 
had been approved by the hospitals’ joint committee 
on clinical investigation, was obtained. Patients were 
excluded if they had a systolic pressure of «100 
mm Hg, symptomatic cerebrovascular disease, P-R 
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interval >0-24 s, or higher degree atrioventricular 
block without a pacemaker in place, pulmonary 
oedema, cardiogenic shock, or if they were taking a 
calcium antagonist at the time of hospital admission. 


STUDY DESIGN 

After the patient had given informed consent to one 
of the study investigators, baseline thallium and 
gated blood pool scans were obtained in the coronary 
care unit with a portable gammacamera, These 
studies were performed by a 24 hour on-call team of 
experienced research nuclear cardiology technicians 
and were completed within 1-5-2 hours. After com- 
pletion of the initial scans, the patients received, ina 
randomised double blind fashion, one capsule of the 
study drug, which was either nifedipine 10 mg or a 
placebo capsule of identical appearance. Blood pres- 
sure was monitored every 10 minutes for one hour by 
a research nurse, and if the mean arterial pressure fell 
by <10% and the systolic blood pressure was > 100 
mm Hg a second study drug capsule was given. The 
pressure was similarly monitored for the next hour, 
and if the mean arterial pressure fell by <10% and 
the systolic blood pressure remained > 100 mm Hg a 
third capsule was administered with an additional 
hour of monitoring. Thus a maximum maintenance 
study drug dose of 10-30 mg was established in each 
patient and this was then given every six hours for six 
weeks unless hypotension or any other side effect was 
noted. 

Repeat gated blood pool scanning was performed 
immediately after the determination of the 
maintenance study drug dose and again at 10 days. 
Cross sectional echocardiograms were obtained 
within 24 hours of admission and again at 10 days in 
those patients who had technically interpretable 
initial echocardiographic studies. Twelve lead 
electrocardiograms were obtained daily while the 
patients were in the coronary care unit, and creatine 
kinase isoenzyme concentrations were measured 
every four hours for the first two days. 

Routine coronary care unit management included 
oxygen by nasal cannula, intravenous lignocaine 
infusion for 24-48 hours (20-40 ug/kg/min), and full 
heparinisation (3000 unit bolus followed by 800- 
1000 U/h infusion). Nitrates and f blockers were not 
administered unless a patient experienced post- 
infarction ischaemic symptoms or if the patient was 
already on f blockade. Other medications including 
morphine sulphate, digoxin, diuretics, oral anti- 
arrhythmic agents, and sedatives were administered 
as needed. 


GATED BLOOD POOL AND THALLIUM SCANNING 
Thallium scans were performed in the anterior, left 
anterior oblique 40°, left anterior oblique 60°, and 
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lateral projections using thallium-201, 1:5-2-0 mCi. 
Images were obtained with a Technicare 420 mobile 
gammacamera interfaced to a VIP or Medical Data 
Systems computer. Thallium perfusion defects were 
measured by an objective thallium circumferential 
profile technique.? Gated blood pool scans were 
performed in the anterior, left anterior oblique 40°, 
and lateral projections with red blood cells labelled in 
vivo with 25-30 mCi technetium-99m with the same 
mobile camera. Global and regional ejection frac- 
tions were calculated by standard Medical Data 
Systems programs. The left ventricular volumes, 
stroke volume, and cardiac outputs were calculated 
by a count-based method developed at the Johns 
Hopkins Hospital.” The gated blood pool images 
were separated into infarct and non-infarct zones by 
electrocardiographic correlation and by the assess- 
ment of regional wall motion abnormalities. A 
regional ejection fraction was then calculated for each 
zone from the mean of the adjacent 22-5? pre-shaped 
sectors overlying the left ventricle, excluding the 
upper medial quadrant. Once they had been defined 
on the initial study, the same sectors were used to 
calculate regional ejection fractions for infarct and 
non-infarct zones on serial studies. The gated blood 
pool and thallium scans were interpreted blindly 
without knowledge of the study assignment. 


CROSS SECTIONAL ECHOCARDIOGRAPHY 

Serial cross sectional echocardiography was perfor- 
med on days 1 and 10. Particular attention was given 
to obtaining a good cross sectional view at the level of 
the papillary muscles. The serial studies were quan- 
titatively analysed blindly by a trained technician and 
then reviewed blindly by an investigator (JL'W). 
Endocardial anterior and posterior segment lengths 
from cross sectional end diastolic frames at the level 
of the papillary muscles were measured in triplicate 
with a computer-aided contouring system and 
averaged by previously published methods.” The 
anterior and posterior segment lengths were 
measured with the papillary muscles as landmarks," 
and the infarct segment was identified by electrocar- 
diographic correlation. The intraobserver variability 
of this technique in our laboratory was «594. 
Because infarct expansion occurs only with trans- 
mural infarction, ^" only patients with transmural 
infarction were included in the expansion analysis. 


OUTCOME VARIABLES 

The primary outcome variables for this study were 
global and regional left ventricular function, infarct 
size, and echocardiographic infarct expansion on the 
initial and 10 day studies. The clinical outcomes of 
death, recurrent infarction defined as chest pain 
lasting longer than 30 minutes with new electrocar- 
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diographic changes and re-elevation of creatine 
kinase concentrations to greater than twice normal, 
recurrent ischaemia, and the need for coronary artery 
bypass surgery to control ischaemic symptoms were 
also examined, although the study population was 
not large enough to detect even large mortality 
differences. The calculated sample size of this study 
was sufficient to detect an approximate 50% 
difference in combined clinical outcomes (death, 
recurrent infarction, bypass surgery for recurrent 
angina symptoms) with a power of 0-7. 


DATA ANALYSIS 

Continuous variables were analysed by paired and 
non-paired ¢ tests as appropriate. Categorical data 
were examined by contingency-table analysis by the 
y^ test. The proportion of patients in each study arm 
who experienced individual and combined clinical 
outcomes and the time-dependence of these out- 
comes were analysed by Kaplan-Meier actuarial 
curves, which were compared by a log-rank test with 
a two-tailed significance level.” Repeated measures 
analysis of variance was used to compare the blood 
pressures in the two groups over time. The gated 
blood pool scan, thallium scan, and echocardiogra- 
phic data were interpreted blindly without 
knowledge of study drug assignment or clinical 
course. Data are presented as mean (SE). The 
analyses include all patients originally assigned to 
each treatment arm, according to the intention to 
treat principle. 


Results 


A total of 132 patients were randomised: 64 were 
assigned to nifedipine and 68 to placebo. Table 1 
shows the clinical characteristics of the study popula- 
tion. The patients were 33 to 75 years old and 67% 
were men. The mean time from the onset of chest 
pain to the start of treatment with the study drug was 
8-0 (0-2) hours for all patients. There were no 
significant baseline differences in the distribution of 
cardiovascular risk factors including previous 
myocardial infarction, treatment with other anti- 
ischaemic agents, initial Kilhp class, location of 
myocardial infarction, presence of non-transmural or 
transmural infarctions, size of the initial thallium 
defect, or inital left ventricular eyection fraction by 
gated blood pool scan performed before treatment. 


HAEMODYNAMIC RESPONSE TO STUDY DRUG 

The figure shows the mean arterial blood pressure 
response to the first maintenance study drug dose 
after completion of dose titration. The mean dose of 
nifedipine in the group randomused to nifedipine was 
105 mg/day: 39 patients received 120 mg/day, 19 
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Table 1 Comparison of baseline characteristics of patients 
in the mfedipine and placebo study groups* 





Nifedipine — Placebo 





Characteristics (n = 64) (n = 68) 
Sex (male/female) (n) 45/19 44/24 
Diabetes mellitus (n) 8 12 
Current smoking (n) 43 48 
Hypertension (n) 32 -39 
Previous MI (n) 14 10 
Previous an (n) 37 35 
Killip class (n): O-I 43 47 
21 21 
No MI (n) 6 7 
terior/inferoposterior MI (n) 24/34 18/43 
Transmural/non-transmural MI (a) 39/19 47/14 
Nitrates (oral or topical) (n) 34 32 
f blockers (n) 25 24 
i (n) 8 6 
Anuplatelet agents (1) 5 8 
Oral anuarrhythmic agents (n) 4 5 
Age (years) (mean (SEM)) 58 (1) 57 (1 2) 
Ores to treatment (mean 83 (0 2) 7702) 
Baseline LVEF (%) (mean (SEM)) 53 (2) 55 (2) 
Baseline thallium score (mean (SEM)) 78(07) — 79(07) 





*There is no significant difference between the two groups for an 
characteristic ed MI, myocardial infarction, LVEF, lk 
ventricular ejection fraction Computer units for thallium defect 
score 7 

received 80 mg/day, and six patients received 40 mg/ 
day. The initial mean arterial pressures before treat- 
ment with the study drug did not differ (nifedipine 
100 (2), placebo 102 (2) mm Hg) (NS). After the 
study drug had been given to patients the mean 
arterial pressure decreased by 10% in the nifedipine 
group with a peak effect noted at 40 minutes, while 
the placebo group demonstrated no significant 
change (p « 0-001 for difference between two 
groups). There was a minimal initial increase in the 
heart rate (mean of 3-0 beats per minute) in the 
nifedipine group, while the placebo group showed no 
significant change. 
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Figure The response of the mean arterial pressure to the 
maintenance dose of study drug. The mean arterial pressure 
decreased by 10% in the nifedipine group with a peak effect 
noted at 40 minutes, whereas there was no sigmficant change 
tn the placebo group {p < 0-001 for difference between the 
two groups). Data are mean (SEM). 
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CLINICAL OUTCOMES 

Table 2 shows the clinical outcomes over the six week 
study period. Eight patients (four nifedipine, four 
placebo) were withdrawn from the study because of 
side effects. The side effects in the nifedipine group 
were hypotension in three and dizziness in one 
patient. One placebo patient was withdrawn because 
of hypotension and three because of dizziness and 
other non-specific complaints attributed to the study 
drug. Two other patients assigned to nifedipine and 
four assigned to placebo withdrew themselves 
prematurely from the study. The analyses of the 
clinical outcomes include all patients who were 
originally assigned to each treatment arm. Six 
nifedipine and seven placebo patients demonstrated 
no subsequent enzymatic evidence of myocardial 
infarction but were included in the analyses. There 
was no difference in the peak creatine kinase concen- 
trations between the nifedipine (1383 (150) IU) and 
the placebo (1626 (152)) groups. Four patients in 
each treatment arm died within six weeks (6% overall 
mortality), and six nifedipine and seven placebo 
patients experienced recurrent myocardial infarc- 
tion. Five nifedipine and two placebo patients under- 
went coronary artery bypass surgery within six weeks 
for persistent post-infarction angina. Thus 23% of 
the nifedipine patients and 19% of the placebo 
patients experienced either death, reinfarction, or 
bypass surgery for symptoms at six weeks, and there 
was no significant group difference for the 
cumulative time dependent probability of experienc- 
ing any of these outcomes (Kaplan-Meier analysis). 
In order to detect a statistically significant difference 
of this magnitude with an alpha level of 0-05 and a 
power of 0-8 over 1400 patients would be required in 
each arm of the study. 


LEFT VENTRICULAR FUNCTION 

Table 3 shows the global and regional left ventricular 
function data, There is no significant difference in 
baseline global ejection fractions between the 
nifedipine (53 (2)%) and placebo (55 (2)%) groups. 
There are also no differences in the immediate post- 


Table 2 Clinical outcomes during six week study period: 
comparison of nifedipine and placebo groups* 





Nifedipine Placebo 
(n = 64) (n = 68) 
Death 4 4 
Recurrent infarction 6 7 
Bypass surgery for symptoms 5 2 
Side effects requiring 
withdrawal from study 4 4 
Study withdrawals because of 
non-compliance 2 4 





* There 15 no significant difference between the two for an; 
of the variables listed ud y 
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treatment (nifedipine 54 (2)%, placebo 54 (2)%) or 
10 day (nifedipine 54 (2)95, placebo 52 (2)%) studies. 
The present sample size is sufficient to detect a 10% 
difference (that is between a 50% and a 55% ejection 
fraction) in the mean ejection fraction between the 
two study groups with an alpha level of 0-05 and 
power of 0-7. When analysed as paired data, neither 
group showed a statistically significant change in 
ejection fraction between the initial and 10 day scans. 
Since patients with low initial ejection fractions tend 
to show improvement with time while those with 
high initial values tend to demonstrate a reduction as 
the high initial sympathetic tone decreases," the 
change in ejection fraction was also analysed 
separately in the subsets of nifedipine and placebo 
patients with an initial ejection fraction <50% and in 
those with an initial ejection fraction of > 50%. No 
nifedipine effect was demonstrated as there was a 
similar improvement over the 10 day period in 
patients with a low initial ejection fraction, and a 
similar decline in global ejection fraction in the 
subset with a high initial ejection fraction. In the 
subgroup of patients who received early treatment 
(<6 hours from pain onset) there is also no sig- 
nificant difference in 10 day global ejection fraction 
between the nifedipine and placebo patients. Initial 
and day 10 cardiac output and ventricular volumes 
also were not significantly different in the nifedipine 
and placebo groups (table 3). The pretreatment 


Table 3 Comparison of resting global and regional left 
ventricular ejection fractions and calculated cardiac volumes 
and cardiac outputs in nifedipine and placebo groups* 








Nifedipine Placebo 
(n = 64) (n = 68) 
Global LVEF 
Pure 54 () 54 2) 
t 
10 day 54 (2) 52 I 
Regional LVEF 
Base 33 (2 35 (2) 
Post drug 34 8 36 (2) 
10 day 41 (2) 41 (2) 
P Bureline m 61 ga 64 (1:5) 
Post drug 60 (2) 60 R 
‘10 day 59 (2) 60 (2, 
End diastolic volume (ml) 
Port den 13:() 1660) 
10 aS 146 ‘53 157 (5) 
End systolic volume (ml): 76 04) 405 
Baseline 
Post drug 76 (5) 78 (5) 
10 day (lin) 68 (4) 78 (4) 
Cardiac ou! t (min 
lnc 61(03) 6:5 (0-2) 
Post drug HORE $403) 
10 day 5-5 (0-2) 5-5 (0 2) 
*There 15 t difference between the two 


no significant Nwo pronps for any 
variables lated. LVEF, left ventricular ejection fra 
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infarct zone regional ejection fractions were 33 (2)% 
in the nifedipine and 35 (2)% in the placebo groups 
(NS). The regional ejection fractions of the non- 
infarct zone were 61 (1-3)% in the nifedipine and 64 
(1-5)% in the placebo groups (NS). At 10 days the 
ejection fractions of the infarct zones were sig- 
nificantly improved in both the nifedipine (+ 6 (2)%) 
and placebo groups (+ 7-5 (2)%) and there was no 
difference between the two groups. In contrast, the 
regional non-infarct zone ejection fractions were 
minimally reduced in both the nifedipine (—3 
(1-7)%) and placebo groups (—4 (1:6)95, table 3). 
Thus the net change in global ejection fraction over 
the 10 day period is determined by opposite trends— 
an increase in the infarct zones and a decrease in the 
non-infarct zones. 


THALLIUM SCINTIGRAM RESULTS 

The initial and 10 day thallium perfusion images 
were analysed quantitatively by methods described 
elsewhere.'® The initial pretreatment thallium scores 
in the nifedipine (7-8 (0-7) units) and placebo (7-9 
(0.7) units) groups did not differ. The day 10 
thallium score was lower in both groups and also did 
not differ significantly (nifedipine 5-3 (0-7), placebo 
5:3 (0-7)). Thus quantitative analysis of myocardial 
infarction size by serial (at the start of the trial and 10 
days later) thallium scintigraphy showed no 
nifedipine effect. 


INFARCT EXPANSION: CROSS SECTIONAL 
ECHOCARDIOGRAPHIC ANALYSES 

Serial cross sectional echocardiographic studies were 
performed on days 1 and 10 in those patients with 
transmural infarctions who had not reached an 
unfavourable outcome in the interim and in whom 
technically good quality images could be obtained for 
quantitative contouring and analysis. Of the 132 
patients who were randomised, 86 had transmural 
infarctions and 44 of these had good quality echocar- 
diographic studies during the first two days that were 
technically adequate for detailed contouring. Four- 
teen of these patients were unavailable for serial 
studies. The technical quality of the studies was 
judged by a technician who was unaware of the study 
drug assignment. 

Table 4 shows the baseline clinical characteristics 
of the 30 patients in the echocardiographic subset. 
Fifteen patients were assigned to nifedipine and 15 to 
placebo. There is no significant difference between 
the two groups with regard to age, sex, location of 
infarction, other medications, baseline ejection frac- 
tion, thallium score, and systolic blood pressure. 
There is also no significant difference in the initial 
infarct segment lengths between the nifedipine (70 
(4) mm) and placebo (65 (4) mm) groups. None the 
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Table4  Basehne characteristics of subset of patients with 
transmural infarctions and serial echocardiographic studies: 
comparison of patients in the nifedipine and placebo groups 





Nifedipine Placebo 


Characteristics (n= 15) (n= 15) 
Sex (male/female) (n) 11/4 6/9 
Diabetes mellitus (n) 1 1 
Current smoking* (n) 14 8 
Previous angina (n) 3 8 
Medications (n): 

Nitrates 3 7 

pies i 

ateiet agents 

Initial Killip 

I 15 12 

II 0 3 
Anterior/inferoposterior MI 2/13 4/11 
Age (years) (mean (SEM)) 55 (3) 59 (1) 
Time from onset of chest pam to 69 (05) 7-6 (0 6) 

treatment (h) (mean (SEM)) 
Initial LVEF (mean (SEM)) 54 (4) 56 (3) 

tual infarct segment (mm) 70 (4) 65 (4) 


*(p < 005). There is no significant difference between the groups 
for any other characteristic listed. MI, myocardial infarction; 
LVEF, left ventricular ejecuon fraction. 


less, there was a significant increase in infarct seg- 
ment length (+ 7-8 (4) mm, p < 0-05) in the placebo 
group between the studies on day 1 and on day 10, 
and none in the nifedipine group (+0-6 (3) mm, 
p = NS). The infarct segment length increased by 
21cm in seven patients assigned to placebo but in 
only one assigned to nifedipine (p « 0-05). Both 
groups showed a similar increase in the non-infarct 
segment lengths (nifedipine 9 (4) mm, placebo 8 (4) 
mm, p = NS). As in the overall study population, 
the nifedipine group in this echocardiographic 
analysis showed a significant fall in systolic blood 
pressure 40 minutes after receiving the initial main- 
tenance dose of the study drug (—8:1 (1) mm Hg, 
p = 0:04), while the placebo group did not. This 
difference between the groups persisted over 10 days 
(p «0-05 by repeated measures analysis), and the 10 
day mean arterial pressures were 81 (1) mm Hg in the 
nifedipine group and 87-3 (1) mm Hg in the placebo 
group (p — 0:02). The cardiac volumes measured by 
gated blood pool scans in this subgroup were not 
significantly different in the two treatment groups. 
"The non-infarct segment lengths increased similarly 
in both groups and this may have masked differences 
caused by changes in infarct segments. 


Discussion 


'The present study shows that nifedipine given to 
patients with acute myocardial infarction within 12 
hours of the onset of pain has no detectable effect on 
global or regional left ventricular function or 
myocardial infarct size by thallium scintigraphy. The 
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power of this individual study to detect a significant 
difference in mortality and reinfarction is quite low, 
but the present findings are consistent with other 
published reports of early nifedipine treatment in 
acute infarction." The echocardiographic findings 
in a subset of patients with transmural infarction, 
however, suggest that early nifedipine treatment in a 
dose sufficient to lower mean arterial blood pressure 
by approximately 10% may decrease the occurrence 
and extent of infarct zone expansion. The clinical 
significance of this observation is unclear, however, 
and these data must be interpreted with caution as 
they apply to a relatively small and selected subset of 
the study population. 

Theoretical considerations and studies in animal 
models suggesting that calcium antagonist treatment 
may limit infarct size have prompted considerable 
interest in the role of these agents in patients with an 
acute myocardial infarction." These drugs reverse 
coronary vasoconstriction, which may accompany an 
infarction" and may be the proximate cause of 
coronary artery occlusion in some patient subsets.” 
They may also improve myocardial oxygen supply 
and decrease oxygen demand by increasing collateral 
flow and decreasing afterload via their vasodilatory 
effects on the coronary and peripheral circulation.™ 
Although treatment with calcium antagonists 
reduced infarct size in some animal studies, "!! the 
effect was studied only when the agent was given 
before or within one hour of the onset of ischaemia. 
In addition, the effect may be dependent on a 
collateral network capable of delivering the agent to 
the ischaemic area itself since the benefit in dogs, 
which have well developed collaterals, is consider- 
ably greater than that in baboons,” which do not. 

There have been four other randomised controlled 
studies examining the effect of nifedipine in patients 
with threatened or actual acute infarction.” * 
These have focused on the enzymatic determination 
of infarct size and on the clinical course. A 
Norwegian trial showed no significant difference in 
creatine kinase release in the nifedipine and placebo 
groups.'^ Another study also reported no significant 
difference in infarct size estimated by creatine kinase 
release, but reported a higher two week mortality in 
the nifedipine treatment group that was not present 
at six months.” These trials were also too small to 
detect differences in major clinical outcomes such as 
mortality; however, the largest trial of nifedipine in 
suspected or confirmed acute infarction (the 
TRENT study) found that a daily dose of 40 mg of 
nifedipine had no significant effect on one month 
mortality in 4491 randomised patients.” 

The lack of a reduction in infarct size or of a 
significant difference in major clinical outcomes in all 
of these trials may be related to several factors. 
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Nifedipine in acute myocardial infarction 

Although nifedipine is a potent coronary vasodilator, 
coronary vasoconstriction may have a relatively small 
role in most infarct patients. Even if spasm is an 
important initisting event, the superimposition of 
thrombus may prevent reperfusion with antispasm 
treatment alone.” In addition, any direct protective 
effect is dependent on the extent of collateral supply 
to the infarcted region, which is usually limited in 
patients with initial transmural infarctions.” Finally, 
reperfusion studies have indicated that strategies 
designed to salvage myocardium must be started 
immediately after the onset of ischaemia.??! The 
mean time from the development of chest pain to 
treatment in these trials ranged from 4-6 to 8 hours, 
which is probably too long to achieve significant 
myocardial salvage. 

These negative results with calcium antagonist 
treatment in non-selected acute infarction patients 
(most of whom had completed Q wave infarctions) 
contrast with other data supporting the efficacy of 
anti-ischaemic drugs for selected subsets of high risk 
patients in whom the potential for recurrent 
ischaemia after infarction is increased. The beneficial 
effect of calcium antagonist treatment in reducing 
early reinfarctions in patients with non-Q-wave 
infarctions,” the benefit of nifedipine for patients 
with post-infarction angina,” and the reduction of 
cardiac mortality by fi blockers, most notably in high 
risk subgroups," collectively suggest that non- 
thrombolytic anti-ischaemic treatment is likely to be 
beneficial only in patients with high potential for 
recurrent ischaemia, such as non-Q-wave infarction 
patients. 

The serial echocardiographic findings in the subset 
of patients with transmural infarction suggest that 
the effect of nifedipine in reducing afterload may 
limit the expansion of the infarct zone during the ten 
days after an infarction. Although early expansion of 
the infarct is associated with an early increase in 
morbidity and mortality and the late development of 
left ventricular aneurysms,^'* the number of 
patients in the present trial with infarct expansion is 
too small for a difference in clinical outcome to be 
detected even if one were present. In addition, our 
population included many patients with inferior 
infarctions, in whom the clinical significance of 
infarct expansion is uncertain. A recent controlled 
study showing that intravenous glyceryl trinitrate 
and early intra-aortic balloon counterpulsation in 
patients with extensive anterior infarctions and low 
ejection fraction reduce the expansion into the non- 
infarcted area also suggests that afterload reduction 
may favourably influence the remodelling of the 
ventricular cavity that occurs after infarction." Other 
agents which reduce afterload have been reported to 
have a favourable effect on infarct expansion includ- 
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ing glyceryl trinitrate in humans" and captopril in 
rats,? suggesting that the afterload reduction itself 
may be the mechanism for this effect. 

'The time course of myocardial necrosis in human 
beings seems to be rapid, and interventions designed 
to limit infarct size should be started as early as 
possible.” The mean time between the onset of chest 
pain and treatment in this study was 8 (0-2) hours, 
primarily because the study design required baseline 
thallium and gated blood pool scans before the start 
of treatment in order to assess the effect of the agent 
on left ventricular function and the thallium scin- 
tigraphic definition of infarct size relative to the 
region at risk. The additional delay introduced by 
these baseline studies may have limited our ability to 
demonstrate a treatment benefit. Nevertheless, the 
analysis of the patient subset that received treatment 
within six hours, as well as previous studies"7" in 
which nifedipine treatment was initiated 4-6 hours 
after the onset of pain, also showed no benefit of 
nifedipine. At the present time, the collective results 
of the randomised nifedipine trials demonstrate no 
significant clinical benefit of nifedipine given in low 
or high doses. 


Computational assistance was provided by 
CLINFO, sponsored by a grant from the National 
Institutes of Health. ‘This study was supported by a 
Specialized Center of Research for Ischemic Heart 
Disease grant from the National Institutes of Health. 
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Assessment of left ventricular performance during 
percutaneous transluminal coronary angioplasty: a 
study by intravenous digital subtraction 
ventriculography 
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ABSTRACT Left ventricular performance during percutaneous transluminal coronary angioplasty 
was assessed in 52 patients by intravenous digital subtraction ventriculography. After injection of 
contrast into the right atrium ventriculograms were obtained before and during balloon inflation. 
In 37 patients they were also obtained after the procedure. A 12 lead electrocardiogram was 
monitored throughout. During balloon inflation the left ventricular ejection fraction fell (from 
73% to 57%) in all but one patient; the decreases in patients with single vessel or multivessel 
disease were similar. The fall in left ventricular ejection fraction during percutaneous transluminal 
coronary angioplasty of the left anterior descending artery (1995) was significantly greater than that 
during balloon inflation in the right coronary (10%) or circumflex (8%) coronary arteries. It also 
reduced anterobasal, anterior, and apical segmental shortening while right coronary percutaneous 
transluminal coronary angioplasty affected inferior and apical segments. In 33 (63%) patients the 
ST segment was altered during balloon inflation. The fall in left ventricular ejection fraction 
correlated significantly with the magnitude of both ST segment elevation (r = 0:637) and ST 
depression (r = 0-396). Left ventricular ejection fraction and regional wall motion returned to 
baseline values after the procedure. 

Balloon inflation during percutaneous transluminal coronary angioplasty produces considerable 
abnormalities of global and regional left ventricular performance and this indicates the presence of 
myocardial ischaemia, which may not be apparent on electrocardiographic monitoring. Intraven- 
ous digital subtraction ventriculography is useful for monitoring left ventricular performance 
during controlled episodes of coronary occlusion produced by balloon inflation. 


The emergence of percutaneous transluminal coron- 
ary angioplasty has provided an attractive setting ın 
which to study left ventricular performance during 
short, controlled and reversible episodes of myocar- 
dial ischaemia.’ Earlier studies used either M mode?’ 
or cross sectional echocardiography,*? or direct cine 
left ventriculography."? These studies demonstrated 
the effect of balloon occlusion on global and regional 
left ventricular function. But both these techniques 
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have limitations during percutaneous transluminal 
coronary angioplasty. 

Echocardiography, although ideal for repeated or 
continuous studies, is dependent on patient 
suitability and operator expertise. The supine posi- 
tion of the patient on a catheter laboratory table is not 
always ideal for producing acceptable echocar- 
diograms. Direct cine left ventriculography 
requires the insertion of a second arter1al catheter, 
which makes the percutaneous transluminal coron- 
ary angioplasty procedure more invasive. Further- 
more, a direct intraventricular injection of contrast 
medium frequently provokes ventricular extrasys- 
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toles which makes selection of cine frames for 
analysis of volume and wall motion difficult.'^ "! 

For these reasons we have chosen to study left 
ventricular performance during percutaneous trans- 
luminal coronary angioplasty by intravenous digital 
subtraction left ventriculography. This technique 
produces diagnostic left ventriculograms from cen- 
tral venous contrast injection. Previous studies have 
demonstrated a high degree of correlation with direct 
cine  ventriculograms when left ventricular 
volumes?! and regional wall motion? ? measured by 
the two techniques were compared. Additional cen- 
tral venous cannulation does not significantly 
increase the invasiveness of percutaneous trans- 
luminal coronary angioplasty and contrast injection 
by this route is less likely to provoke extrasystoles. 

We therefore report the first use of intravenous 
digital subtraction ventriculography in the examina- 
tion of left ventricular contraction during percutan- 
eous transluminal coronary angioplasty. We 
examined changes in global and regional left ven- 
tricular function in relation to alterations in the ST 
segment during electrocardiographic monitoring and 
we compared results in patients with single and 
multiple vessel coronary disease. 


Patients and methods 


PATIENTS 

We studied 52 patients (45 men and seven women; 
mean age 53 (range 39-73)). All patients had stable 
but limiting angina despite medical treatment. Their 
regular medication, which included nitrates, calcium 
antagonists, and in 47 patients a f adrenergic block- 
ing agent, was continued. No patient was taking 
digoxin and none had evidence of valve disease. 

A resting electrocardiogram showed sinus rhythm 
in all cases with no evidence of bundle branch block. 
An electrocardiogram recorded during either spon- 
taneous chest pain or a symptom limited treadmill 
exercise test had shown evidence of myocardial 
ischaemia in all patients as indicated by an alteration 
of at least 1 mm in the ST segment. 


CORONARY ANATOMY 

Previous diagnostic coronary arteriography had 
demonstrated single vessel disease, defined as at least 
an estimated 70% reduction in luminal diameter, in 
37 patients. Twelve of the remaining 15 patients had 
two vessel and three had three vessel disease. In all 
but one patient the right coronary artery was the 
dominant vessel, giving rise to the posterior descend- 
ing artery. 


LESIONS ATTEMPTED 
Percutaneous transluminal coronary angioplasty was 
attempted in the left anterior descending coronary 
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artery in 35 patients, the right coronary artery in 
seven, and the circumflex artery in eight patients 
(including the one patient with a dominant cir- 
cumflex system). The remaining two patients had 
percutaneous transluminal coronary angioplasty to 
lesions in a diagonal artery. There were no occluded 
vessels and in all cases the target stenoses allowed 
anterograde flow of contrast. The lesions ranged in 
severity of luminal narrowing from 60% to 99% 
(mean 92%). 


PERCUTANEOUS TRANSLUMINAL 
ANGIOPLASTY PROTOCOL 

Patients were studied during elective single vessel 
angioplasty. Two hours before the procedure they 
were given oral premedication with a long acting 
nitrate, calcium antagonist, and either lorazepam or 
intramuscular papaveretum. 

Angioplasty was performed via the femoral 
approach. An intravenous bolus of heparin (100 IU/ 
kg) was given at the start of the procedure together 
with atropine (up to 1:2 mg) if the heart, rate fell 
below 50 beats/min. We used non-ionic contrast 
medium, steerable guide wires, and balloon catheters 
with diameters varying from 2:5 to 3:5 mm. The 
number of balloon inflations ranged from 2 to 12 
(mean 5). Inflation pressures ranged from 505 kPa (5 
atm) for initial inflations, up to 1212 kPa (12 atm) 
(mean 808 kPa (8 atm)). Inflation lasted for 15—95 
seconds (mean 57 seconds), and the mean total 
duration of inflation was 162 seconds. 


CORONARY 


ELECTROCARDIOGRAPHIC MONITORING 
"Throughout the percutaneous transluminal coronary 
angioplasty procedure a standardised 12 lead elec- 
trocardiogram was monitored by a Seimens Elema 
Mingograf 804 and Mingograf 62 with a frequency 
response of 0:05-100 Hz. In order that the chest 
electrodes did not interfere with fluoroscopy during 
the procedure, we used Medicotest (A-50-VS, 
Cambmac) electrodes. The electrocardiogram was 
recorded at 25 mm/s immediately before and 
throughout each balloon inflation. Balloon inflation 
and deflation were marked on the electrocardiogram, 
which was recorded at the same paper speed until any 
changes had resolved. 


DIGITAL SUBTRACTION VENTRICULOGRAPHY 

A 5 French pigtail catheter (Superflow, Cordis) was 
inserted via the femoral vein and the tip was 
positioned in the right atrium. For each ven- 
triculogram, 40 ml of non-ionic contrast 
(Omnipaque, Nycomed; iodine concentration, 350 
mg/ml) was injected at a rate of 17 ml/s. We allowed 
seven seconds after the onset of contrast injection for 
transit of the contrast bolus through the pulmonary 
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circulation and its subsequent arrival in the left 
ventricle. A digital ventriculogram was then 
acquired; in held inspiration, in a 30° right anterior 
oblique, projection. Images were acquired at 12:5 
frames per second on to a 256 x 256 pixel matrix 
using a Siemens Digitron connected online to a 
Siemens Elema Angioskop D imaging system. 
Acquisition times ranged from five to 10 seconds. 
'The digital information was transferred on to hard 
computér disc and then to magnetic tape for sub- 
sequent recall and analysis. Ventriculograms were 
performed before the percutaneous transluminal 
coronary angioplasty procedure and after either 20 
seconds (28 patients) or 60 seconds (24 patients) of 
balloon inflation. Thirty six patients were studied 
during the third balloon inflation. Of the remainder, 
one was studied during the second inflation, eight 
during the fourth, three during each of the fifth and 
sixth, and one during the eighth balloon inflation. 

A third ventriculogram was performed in 37 
patients immediately after the percutaneous trans- 
luminal coronary angioplasty was completed. In all 
cases, this. was undertaken within 15 minutes of the 
ventriculogram acquired during balloon inflation 
and when: the electrocardiogram had returned to 
normal. i 


DATA ANALYSIS 


Electrocardiography 

The deviation of the ST segment was measured 80 
ms after the J, point, a change of at least 1 mm being 
regarded as important. Leads V2—V5 were regarded 
as representing the left anterior descending coronary 
territory while leads IT, III, and aVF were taken to 
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each left ventricular segment. Percentage segmental shortening (for example radius a) = x/x + 
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reflect the distribution of the right coronary artery. 
The territory of the circumflex artery was represen- 
ted by leads I, aVL, and V6. The maximum ST 
alteration in any lead was recorded. 


Ventriculograms 
Each digital acquisition was recalled on to hard disc 
and reviewed to identify the end diastolic and end 
systolic frames that were suitable for analysis. 
Extrasystoles were excluded. End diastolic frames 
were identified by an R wave marker. The sub- 
sequent end systolic frame was identified visually as 
that frame with minimum left ventricular dimen- 
sions. Left ventricular volume was identified by an 
area-length method' and ejection fraction was 
derived. 

For analysis of left ventricular wall motion we used 
a method that does not make assumptions about left 


‘ventricular geometry.” Unlike the centre-line 


method it does not require identification of the apex 
of the ventricle. In this study, this was an advantage 
because location of the left ventricular apex is 


. difficult in patients with coronary disease, who are 


likely to have segmental contraction abnormalities, 
especially during percutaneous transluminal coron- 
ary angioplasty. End diastolic and end systolic frames 
were outlined by hand. We took care to draw the end 
systolic outline outside the papillary muscles. We 
used a computer program to translate the two 
outlines so that the centres of each aortic valve plane 
could be superimposed. A series of radii were then 
drawn every. 8°, from the edge of the aortic valve 
plane of the end diastolic frame, in a clockwise sweep, 
to the opposite aortic plane edge. These radii had 
their centre at the geometric centre of gravity of the 
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Schematic representation of method to quantify regional left ventricular contraction. Sample radii (a—e) are shown for 


y x 100. CoG, centre of 


gravity of end systolic frame; avp, aortic valve plane; es, end systolic outline; ed, end diastolic outhne Percentage shortening 
for each radiis plotted on a wall motion graph. avm, aortic valve margin. ee 
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Table 1 Left ventricular segmental shortening (percentage 
regional shortening ( SD)) before percutaneous transluminal 
coronary angioplasty (52 patients) ` 








LV segment Regional shortening Normal range 
Anterobasal 35 (12) 28-40 
Anterior 56 dn 30-45 
Apical 46 (16) 42-62 
Inferior 47 (13) 40-58 
Inferobasal 8 (13) 0-20 





end systolic frame. We calculated the percentage 
shortening of each radius, from the end diastolic to 
the end systolic outline (fig la). This was then 
represented as a point on a wall motion plot, showing 
percentage shortening for each radius in turn, in a 
clockwise sequence beginning at the upper limit of 
the aortic valve plane. The left ventricular perimeter 
was divided into five equal radial segments to 
represent the anterobasal, anterior, apical, inferior, 
and inferobasal left ventricular regions. The percen- 
tage shortening of the radii in each of thesc five 
segments was averaged to quantify regional contrac- 
tion (fig 1b). 


STATISTICAL ANALYSIS 
We used Student's paired ¢ tests to examine left 
ventricular ejection fraction and regional shortening 
before, during, and after percutaneous transluminal 
coronary angioplasty. We used unpaired t tests to 
compare patient subgroups with lesions of the left 
anterior descending, right, or circumflex arteries and 
with single or multivessel disease. Simple correlation 
and regression analysis was used to relate changes in 
left ventricular ejection fraction to ST segment 
deviation. 

The study was approved by the ethics committee 
of the National Heart and Chest Hospitals and all 
patients gave written, informed consent. 


Results 


PRACTICAL CONSIDERATIONS 
We obtained ventriculograms that were suitable for 
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Table2 Left ventricular ejection fraction (% (SD)) in 
patients undergoing percutaneous transluminal coronary 


angioplasty (PTCA) of the left anterior descending, right, 





and circumflex coronary arteries 

Vessel Before During 

dilated (cases) PTCA PTCA p 

LAD (35) 74 (8) 55 (13) < 0001 
RCA (7) 70 (14) 60 i <001 
LCX (8) 69 (10) 61 (12) « 001 


rr NTE 
LAD, left anterior descending; RCA, right coronary artery; LCX, 
crcumflex. 


analysis from all 52 patients. Patients were required 
to hold inspiration for up to 10 seconds to allow data 
acquisition during balloon inflation, but this was not 
difficult. 

The interval allowed for pulmonary transit of the 
contrast bolus was variable. In some patients, an 
interval of seven seconds after right atrial contrast 
injection was not sufficient for the arrival of contrast 
in the left ventricle, and so the first 30 to 50 frames of 
the ventriculogram were contrast free. In others, 
contrast was already clearing from the left ventricle 
when acquisition was started five seconds after 
injection. The duration of pulmonary transit was not 
related to either the heart rate or the degree of any 
pre-existing ventricular dysfunction. 


COMPLICATIONS 

There was ectopic activity during ventriculography 
in three patients in the study undertaken before 
percutaneous transluminal coronary angioplasty 
(supraventricular 1n two, ventricular in one) and in 
six others during balloon inflation (supraventricular 
in three, ventricular in three). In all these cases the 
extrasystoles were single and did not interfere with 
data analysis. Transient atrial fibrillation occurred in 
one patient immediately after injection of contrast for 
the pre-angioplasty ventriculogram. This was 
asymptomatic and did not recur during subsequent 
ventriculograms. Because this arrhythmia was short 
lived, it did not affect ventriculographic analysis. 


Table 3 Percentage shortening. (mean (SD)) of left ventricular segments before and during percutaneous translurmnal 
coronary angioplasty ın patients undergoing dilatation of the left anterior descending, right, or circumflex coronary artery 





LAD (35 patients) RCA (7 patients) LCX (8 patients) 

LV Before During Before Before During 

segment PTCA PTCA p PTCA PTCA P PTCA PTCA P 
AB 31 (10) 28 (15) « 0002 33 ap 30 (12) NS 27(1 22 (14 NS 
A 39 ff 1) 13 (18) < 0001 38 19 34 (12) NS 25 18) 19í NS 
AP 50 (14) 14 (19) < 0001 44 (19 38 (20) «002 37 30) 27 (26, NS 
I 48(13) 4604) NS 43 (17) 24 m. « 001 52 " A4 NS 
IB 8 (13) 25 (17) < 0001 7(11) 0 (14) NS 10 ij 18(20) NS 


AB, anterobasal, A, anterior; AP, apical, I, inferior; IB, inferobasal, LV, left ventricular; LAD, left anterior descending, RCA, nght 


coronary artery; LCX, cir 
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Fig2 End systolic outline of the left ventricle and 
electrocardiogram before (left) and during (right) balloon 
inflation in the left anterior descending coronary artery. 
Pronounced anteroapical akinesis was apparent during 
balloon occlusion associated with ST segment elevation in the 
leads reflecting activity in the anterior myocardium, 

EF, ejection fraction. 


LEFT VENTRICULAR PERFORMANCE BEFORE 
PERCUTANEOUS TRANSLUMINAL CORONARY 
ANGIOPLASTY (TABLE 1) 

The mean left ventricular ejection fraction of all 52 
patients was 73^, (range 51-90", ). Table 1 shows the 
regional wall motion for each of the five left ven- 
tricular segments assessed and the normal range of 
regional shortening in 10 patients with normal left 
ventricular contraction. 


EFFECT OF BALLOON INFLATION ON LEFT 
VENTRICULAR PERFORMANCE 

Effect on left ventricular ejection fraction 

During balloon inflation ejection fraction decreased 
in all but one patient. The mean fall in ejection 
fraction was from 73% to 57% (p < 0:001). The 
decrease in left ventricular ejection fraction was no 
different in the 36 patients studied during the third 
balloon inflation (74% to 57%) than in the eight 
studied during the fourth inflation (70%, to 59°,,) and 
the seven patients studied during subsequent infla- 
tions (72% to 56%). 

Table 2 shows the effect on left ventricular ejection 
fraction of dilatation of the left anterior descending, 
right, and circumflex coronary arteries. The fall 
(19%) in left ventricular ejection fraction during 
dilatation of the left anterior descending artery was 
larger than that during balloon occlusion of the right 
(10%, p < 0-05) and circumflex coronary arteries 
(895, p < 0-01). 
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EFFECT ON LEFT VENTRICULAR WALI 
(TABLE 3) 

Toassess the effect of balloon occlusion on segmental 
left ventricular performance, patients were grouped 
according to the site of the treated stenosis. 


MOTION 


Dilatation of the left anterior descending coronary 
artery (35 patients, fig 2) 

During balloon inflation regional shortening in the 
anterobasal, anterior, and apical left ventricular 
segments decreased. There was no change in inferior 
segmental contraction but inferobasal contraction 
increased. 


Dilatation of the right coronary artery ( seven 
patients, fig 3) 

Balloon occlusion resulted in a fall in both inferior 
and apical contraction. There was no significant 
change in inferobasal, anterior, or anterobasal con 
traction. 


Dilatation of the circumflex coronary artery (eight 
patients ) 

Balloon inflation did not produce significant changes 
in any left ventricular segment examined. 


Dilatation of the diagonal vessel (two patients 

In these two patients balloon inflation produced fall 
in left ventricular ejection fraction of from 73°, t 
59%. The left ventricular segments affected were the 
anterior and apical regions, in which contraction wa 


reduced from 35%, and 40% to 14", and 


respectively. Inferior contraction did not chang: 
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Fig3 End systolic outline of the left ventricle and 
electrocardiogram before (left) and during 
inflation of the right coronary artery. Inferobasal akin 

was in association with normalisation of a previously invert 
T wave in lead III only. EF, ejection fraction 


right) bali 
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appreciably but inferobasal contraction increased 
from 3% to 25%. 


ELECTROCARDIOGRAPHIC CHANGES 
Although left ventricular ejection fraction fell during 
balloon inflation in 51 of the 52 patients, ST segment 
altered (^1 mm) in only 33 (63%). In thirty two 
patients ST elevation developed (mean 3-9 mm, 
range 1-9 mm). In all cases this occurred in leads 
coinciding with the myocardial territory supplied by 
the occluded artery. In 25 patients S'T depression 
(mean 1-9 mm, range 1-3 mm) developed while in 24 
patients both S'T elevation and depression were seen. 
Left ventricular ejection fraction before percutan- 
eous transluminal coronary angioplasty was similar 
in the 32 patients in whom ST elevation subsequen- 
tly developed during balloon inflation and the 20 in 
whom it did not (74% vs 72% respectively, NS). 
During balloon inflation, however, the fail in left 
ventricular ejection fraction was more pronounced in 
those patients with ST elevation (21%) than in those 
without (995, p « 0-001). Furthermore, there was a 
significant positive correlation between the mag- 
nitude of ST segment elevation during balloon 
inflation and the reduction in left ventricular ejection 
fraction (r = 0-637, p « 0 001). Similarly, there was 
a positive though less strong correlation between the 
degree of ST segmerit depression and the fall in left 
ventricular ejection fraction (r = 0-396, p < 0-01). 


SINGLE VS MULTIVESSEL DISEASE 

Global left ventricular performance 

The 37 patients with single vessel disease had a 
higher control left ventricular ejection fraction than 
the 15 patients with multivessel disease (75% vs 68% 
respectively, p < 0-02). During angioplasty left 
ventricular ejection fraction fell to 59% (p « 0-001) 
in those with single vessel disease and to 51% (p < 
0-001) in those with multivessel disease. Although 
left ventricular ejection fraction during inflation was 
lower in those patients with multivessel disease (p « 
0-05), the size of the fall in both groups was almost the 
same (16% vs 17% respectively, NS). 
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Electrocardiographic changes 

The size of ST segment elevation during balloon 
inflation in the 37 patients with single vessel disease 
(2-4 mm) was no different from that in the remaining 
15 patients with multivessel disease (2-3 mm, NS). 
Similarly, the degree of ST segment depression was 
no different in these two groups (0-8 mm vs 1-2 mm 
respectively, NS). 


Regional left ventricular performance (35 

patients, table 4) 

Regional left ventricular performance was examined 
only in the 35 patients undergoing angioplasty of the 
left anterior descending coronary artery. Twenty 
seven of these had single vessel disease and eight had 
multivessel disease. Baseline left ventricular ejection 
fraction was similar in the two subgroups (76% vs 
70%, NS). During balloon inflation left ventricular 
ejection fraction fell to 57% in those with single 
vessel disease and to 48% in those with multivessel 
disease. The size of the fall was similar in these two 
subgroups (19% vs 22%, NS). 

Similarly, there was no difference between these 
two subgroups in the degree of ST elevation (3-2 mm 
vs 53:0 mm, NS) and ST depression (1:0 mm vs 
1-0 mm, NS). 

"There was no difference in regional left ventricular 
contraction either before or during balloon inflation 
in the left anterior descending coronary artery bet- 
ween patients with single or multivessel disease 
(table 4). 


Left ventricular performance after percutaneous 
transluminal coronary angioplasty (37 patients, 
table 5) 
Thirty seven patients underwent intravenous digital 
subtraction ventriculography after percutaneous 
transluminal coronary angioplasty. In all cases the 
accompanying electrocardiogram had returned to its 
control state and ventriculography was performed 
within 15 minutes of the end of the percutaneous 
transluminal coronary angioplasty procedure. 

Both left ventricular ejection fraction and regional 
left ventricular wall motion returned to the control 


Table 4 Left ventricular segmental contraction before and during percutaneous transluminal coronary angioplasty of the left 
anterior descending artery in patients with single (n = 27) or multivessel disease (n = 8) 











Before PTCA 
LV segment SVD MVD P 
Anterobasal 37 (10) 36 (11) NS 
Anterior 40 (10 36 (13) NS 
Apical 53 (10 39 (20) NS 
Infenor 48 (14 47 (7) NS 
Inferobasal 7 (12) 13 (14) NS 


During PTCA 

SVD MVD P 
28 (15) 30 (15) NS 
15 (18) 8 (16) NS 
17 (19) 3 (13) NS 
47 (14) 43 (12) NS 
25 (20) 24 (7) NS 


Values given are mean (SD) percentage shortening. SVD, single vessel disease, MVD, multivessel disease, LV, left ventricular. 
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Table 5 Left ventricular echon fraction and segmental 
wall motion before and after percutaneous trarisluminal coron- 
ary angioplasty (37 patients) 


Before PTCA After PTCA p 


LV eia fraction 74 (9) 73 (8) NS 
LV regional shortening’ 
Anterobasal 37 (11) 35 (10) NS 
Anterior 38 dle 36 (16) NS. 
Apical 48 E 45 (20) NS 
Inferior , 49 (13 49 ap NS 
Inferobasal 8 (05) ' 9 (15) " NS 


Values are mean percentage (SD) LV, left ventricular. 


value after the procedure. Fifteen patients were not, 


studied after percutaneous transluminal coronary 
angioplasty. In nine cases the procedure was com- 
plicated by protracted coronary occlusion. This had 
resulted in a prolonged episode of myocardial 
ischaemia associated with considerable ST segment 
elevation.. It was felt inappropriate to study these 
. patients further, In three patients the angioplasty 
procedure itself had: become protracted and had 
already used.a large volume of contrast media. The 
addition of a third ventriculogram incorporating 
another 40 ml of contrast was deemed unwise. The 
three remaining patients not studied after percutan- 
eous transluminal “coronary angioplasty were 
recruited into another ‘study that required them to 
undergo ventriculography during another balloon 


inflation. Ethical approval for the present study did . 


4 not extend to four ventriculograms and thus the post- 
. percutaneous transluminal coronary angioplasty 
study i in these patients was waived. 


Discussion : 


A 


We report the first use of intravenous digital subtrac- 
tion ventriculography in the assessment of left ven- 
tricular performance during coronary angioplasty. 
. The. validity of intravenous digital subtraction 
angiography has been established in studies that 
compared it with direct cine. left ventriculo- 
graphy.'*”? Correlation between the two techniques, 
in terms of both left ventricular volumes and ejection 
fraction, was good and digital subtraction angiogra- 
phy provoked fewer extrasystoles. Importantly, the 
degree of correlation between these techniques pers- 
isted in patients with impaired left ventricular func- 
tion.. This is particularly relevant in patients 
undergoing percutaneous transluminal coronary 
angioplasty in whom left ventricular ejection fraction 
may fall profoundly during balloon inflation. Digital 
subtraction analysis and cine left ventriculograms 
gave corresponding assessments.of regional left ven; 
tricular performance.” 
In addition to validating the. technique other 
studies have capitalised'on the less invasive nature of 
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intravenous digital subtraction analysis. Thus the 
technique has been used during exercise” and atrial 
pacing? in the investigation of patients with coronary 


disease, and as an outpatient assessment of left 


ventricular function.” 
We found that this technique was suitable for the 


, assessment of left ventricular performance during 


percutaneous transluminal coronary angioplasty. 
Although respiratory motion can often degrade the 
results of mask subtraction, this did not prove to bea 
problem, even during balloon coronary occlusion. 
We used a non-ionic contrast agent (Omnipaque) 
for ventriculography. During intravenous digital 


subtraction angiography, passage of the contrast 


bolus through the pulmonary circulation can cause 
the patient to cough and this can interfere with image 
analysis. The risk of this happening is reduced by use 
of a non-ionic contrast and none of our 52 patients 
was affected. The use of non-ionic contrast enabled 
us to perform three ventriculograms in most patients. 
With conventional contrast agents such an amount of 
sodium, together with that required for the percutan- 
eous transluminal coronary angioplasty procedure 
itself, might impose an appreciable ionic load. 

The reduction in ectopic activity during intraven- 
ous digital subtraction angiography proved to be a 
distinct advantage; only nine of our 52 patients had 
extrasystoles. This is lower than the frequency 
reported by.Norris et al in a study of 26 patients in 


' whom nine developed extrasystoles during intraven- 


ous ventriculography.” This increased incidence 
may be explained by the use of an end hole rather 
than a multiple side hole catheter (either a Cournand 
or a Zucker). This would produce a more forceful 
single jet that is more likely to stimulate extrasys- 
toles. Catheter recoil is also minimised and contrast 
mixing is improved with a pigtail catheter. There 
were few complications in our patients and only one 
of them developed transient atrial fibrillation. 

Of the nine patients who developed extrasystoles 
in our study, these were supraventricular in five, and 
presumably directly related to atrial contrast injec- 
tion. This finding accords with those of other work- 
ers who also found that atrial extrasystoles were more 
common than ventricular ones.” 

Intravenous digital subtraction ventriculography 
did not significantly increase the invasiveness of the 
percutaneous transluminal coronary angioplasty. We 
routinely insert a femoral venous sheath during 
percutaneous transluminal coronary angioplasty in 
order to provide a route for intravenous administra- 
tion of drugs or a temporary pacing catheter if 
required. The use of this sheath to insert a central 
venous pigtail catheter for contrast injection was 
preferable. to cannulation of another peripheral 
artery, which would have been required if direct cine 
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left ventriculography had been undertaken during 
percutaneous transluminal coronary angioplasty. 


EFFECT OF BALLOON INFLATION ON GLOBAL 
LEFT VENTRICULAR PERFORMANCE 

During balloon inflation in our 52 patients mean left 
ventricular ejection fraction fell from 73% to 57%. 
This is similar to the experience of other workers. 
Serruys et al noted a fall from 62% to 48% after 50 
seconds of balloon occlusion." Our fall in left ven- 
tricular ejection fraction in the whole group (16%) is 
similar to the decrease that Serruys et al reported 
(14%). Doorey et al noted a similar fall from 66% to 
44% in patients not pretreated with nitrates.” After 
the administration of a nitrate left ventricular ejec- 
tion fraction fell to only 49%. Bertrand et al noted a 
fall from 73% to 4595? which accords with our 
findings. 

Previous studies did not examine global left ven- 
tricular performance in patients undergoing per- 
cutaneous transluminal coronary angioplasty of the 
circumflex coronary artery or right coronary artery. 
We showed that the reduction in left ventricular 
ejection fraction (1995) was significantly more pron- 
ounced during angioplasty of the left anterior des- 
cending coronary artery than during either balloon 
inflation in the right (10%) or circumflex (8%) 
arteries. This is compatible with our knowledge of 
the coronary circulation, where the left anterior 
descending coronary artery supplies most of the 
anterior left ventricular wall, septum, and apex. The 
small decrease in ejection fraction during angioplasty 
of the circumflex artery may relate to the 30° right 
anterior oblique projection that we used for image 
acquisition. This projection does not show the profile 
of the lateral wall of the heart and therefore abnor- 
malities in this region may not be appreciated. 


EFFECT OF BALLOON OCCLUSION ON REGIONAL 
LEFT VENTRICULAR FUNCTION 
We found that balloon inflation in the left anterior 
descending artery predictably produced deteriora- 
tion in the anterobasal, anterior, and apical segments. 
These findings accord with those of other workers. 
Doorey et al also demonstrated inferoapical dysfunc- 
tion and noted that only anterobasal and inferobasal 
segmental shortening did not show a significant 
decrease in function." Wohlgelernter et al similarly 
showed inferoapical dysfunction in addition to apical 
and septal changes.° 

Interestingly, we also showed an appreciable 
increase in inferobasal contraction in this group. 
This feature has not been seen by others.’ Doorey et 
al, however, noted an increase in shortening of the 
inferoapical and mid inferior segment during angio- 
plasty of the left anterior descending coronary artery 
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after the administration of glyceryl trinitrate com- 
pared with the shortening seen without glyceryl 
trinitrate." All our patients routinely received a 
nitrate as part of their premedication and so we were 
not able to test the specific role of nitrates in 
improving segmental function distant to the 
ischaemic territory. 

Few workers have examined the effects of balloon 
inflation during percutaneous transluminal coronary 
angioplasty of the right coronary artery. Alam et al 
demonstrated that during such a procedure abnormal 
wall motion was most noticeable posteriorly’ while 
Hauser et al demonstrated deterioration in inferior 
contraction.’ Visser et al studied only two patients 
during occlusion of the right coronary artery and 
showed that the resulting degree of left ventricular 
dysfunction was less pronounced than that during 
balloon inflation in the left anterior descending 
coronary artery.‘ This suggests that occlusion of the 
right coronary artery may have a less detrimental 
effect on global and regional left ventricular perfor- 
mance than occlusion of the left anterior descending 
coronary artery. Our results support this view 
because we found that left ventricular ejection frac- 
tion fell to a greater extent during balloon inflation in 
the left anterior descending coronary artery than 
during balloon inflation in the right coronary artery. 

The effect of balloon occlusion of the circumflex 
artery on regional left ventricular performance has 
only been reported in two studies. Alam et al 
observed the effect of combined occlusion of both the 
left anterior descending and circumflex coronary 
arteries in one patient who developed reduced sys- 
tolic excursion of both the septum and posterior 
walls.? Hauser et al showed no change in wall motion 
on cross sectional echocardiography during 
occlusion of the circumflex artery in one patient.’ Our 
data on eight patients who showed no significant 
change in any segments during balloon inflation in 
the circumflex artery suggest that it is likely that 
lateral left ventricular segments rendered ischaemic 


* by such occlusion are less amenable to either echocar- 


diographic or ventriculographic assessment than 
anteroapical or inferior segments rendered dysfunc- 
tional by occlusion of the left anterior descending or 
right coronary arteries. This would also account for 
left ventricular ejection fraction during occlusion of 
the circumflex artery falling only to 61%, significan- 
tly less than during percutaneous transluminal 
coronary angioplasty of the left anterior descending 
coronary artery. It may be that abnormal wall motion 
during circumflex percutaneous transluminal coron- 
ary angioplasty would have been detected better in a 
left anterior oblique projection which images the 
lateral left ventricular wall than in the right anterior 
oblique projection. 
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The effects of balloon occlusion of the diagonal 
artery on segmental wall motion have not been 
described before. We only studied two patients, and 
both of them showed anterior and apical dysfunction 
together with augmentation of inferobasal contrac- 
tion. 


ELECTROCARDIOGRAPHIC CHANGES 

In 63% of patients in the present study the ST 
segment altered during balloon inflation. This 
frequency is similar to that reported by others.*?* 
Because 12 lead electrocardiographic monitoring 
improves the detection of ischaemia during per- 
cutaneous transluminal coronary angioplasty’ we 
used it in our study. Recent work has suggested that 
the ability to detect ischaemia during percutaneous 
transluminal coronary angioplasty may be enhanced 
by monitoring the intracoronary electrocardiogram 
recorded via the tip of the guide wire positioned 
distal to the coronary stenosis being treated.” 

We have confirmed that the left ventricle can 
become dysfunctional in the absence of significant 
electrocardiographic change. We demonstrated, 
however, that the magnitude of global left ventricular 
ischaemia as manifest by a fall in left ventricular 
ejection fraction correlated significantly with the 
degree of ST segment elevation and to a lesser extent 
with ST segment depression. Thus ST segment 
alteration is an index of the degree of left ventricular 
ischaemia during percutaneous transluminal coron- 
ary angioplasty rather than merely an indicator of its 
presence. 


PERCUTANEOUS TRANSLUMINAL CORONARY 
ANGIOPLASTY IN SINGLE VESSEL AND 
MULTIVESSEL DISEASE 

Most previous studies have included only patients 
with single vessel disease. We found that up to 60 
seconds of balloon inflation did not produce greater 
signs of ischaemia in patients with multivessel dis- 
ease than in those with single vessel disease. The 
magnitude of ST segment change and the derange- 
ment of both global and regional left ventricular 
performance were no different in these two groups. It 
would be wrong to suggest that multivessel disease 
does not impose a greater ischaemic burden on the 
left ventricle than single vessel disease in patients 
undergoing percutaneous transluminal coronary 
angioplasty. The outcome after a complication dur- 
ing percutaneous transluminal coronary angioplasty 
in patients with multivessel disease is less favourable 
than that in patients with single vessel disease” and 
must reflect the consequences of coronary occlusion 
in the face of a reduced coronary reserve arising out of 
disease in other vessels. It may be that assessment of 
left ventricular performance after 60 seconds of 
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balloon occlusion may have been too short for 
significant differences between these two groups to 
become apparent. 


LEFT VENTRICULAR PERFORMANCE AFTER 
PERCUTANEOUS TRANSLUMINAL CORONARY 
ANGIOPLASTY 

We found that ejection fraction and regional wall 
motion returned to control values after the angio- 
plasty procedure. This has been the experience of 
others who have similarly found no persistent dys- 
function even after several long balloon inflations. 
Some workers found hypercontractility immediately 
after balloon deflation in segments that were 
dysfunctional during coronary occlusion!" These 
changes are apparent up to 20 seconds after balloon 
deflation but then rapidly return to normal. We did 
not see this overshoot phenomenon in regional wall 
motion. All patients were studied within 15 minutes 
of the completion of percutaneous transluminal 
coronary angioplasty but in no case did we perform 
the third ventriculogram within 20 seconds of the 
final balloon deflation. 


CLINICAL IMPLICATIONS 

We have shown that balloon inflation during per- 
cutaneous  transluminal coronary angioplasty 
produces ischaemia manifest as profound but rever- 
sible abnormalities of global and regional left ven- 
tricular performance that may not be apparent with 
electrocardiographic monitoring. This is clinically 
relevant because it has been suggested that prolonged 
balloon inflation may reduce the rate of rester 
after successful percutaneous transluminal coronary 
angioplasty." Some anxiety remains about the 
cumulative effect on the left ventricle of such prolon- 
ged episodes of coronary occlusion.” ™ The examina- 
tion of left ventricular performance by intravenous 
digital subtraction angiography during balloon infla- 
tion brings two benefits. In addition to providing 
valuable insight into the earliest effects of coronary 
occlusion, it may also allow a relatively non-invasive 
yet accurate assessment of techniques designed to 
limit myocardial ischaemia during percutancous 
transluminal coronary angioplasty. 
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Minute volume for accurate rate response 

META MV is the first pacing system to use minute volume as an 
indicator of metabolic demand. A physiological measurement which 
has been shown to vary directly with changes in exercise and cardiac 
rate, minute volume enables META MV to accurately anticipate 
demand and provide a more natural response to exercise and emotion. 





Simple to implant 

META MV requires no special sensor leads or complex implant 
procedures. [t uses an inline bipolar lead to measure transthoracic 
impedance, the indicator of minute volume. 

Easy programming 

Rate responsive programming is simple, with just three variable 
parameter settings: the minimum and maximum heart rates plus the 
rate response factor. 


META MV makes it easy to give your patients the normal response. 
Because with minute volume, the response is as natural as breathing. 
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Perforation thresholds and safety factors in in vivo 
coronary laser angioplasty 


TIMOTHY J BOWKER,* KIM M FOX,* FRANK W CROSS,t 
PHILIP A POOLE-WILSON,* STEPHEN G BOWN,t ANTHONY F RICKARDS* 


From *the National Heart Hospital, and t University College Hospital, London 


SUMMARY Laser angioplasty can cause early (acute perforation) or late (stenosis or aneurvsm) 
complications. To find how much intravascular laser energy can be delivered via a 100 um core 
optical fibre passed down a balloon angioplasty catheter without causing angiographic abnor- 
malities up to 10 days later, argon laser energy was delivered percutaneously under radiographic 
screening to the coronary circulation of 12 normal closed chest dogs. With the balloon inflated, 
sequential laser pulses were delivered to the same site. Angiograms were recorded before, 
immediately, and again at one week, after laser delivery. There were two laser-induced perforations 
(both fatal). Mechanical perforation with the 100 um fibre occurred four times, but there were no 
haemodynamic sequelae. To find the acute perforation threshold of similar sized arteries to energy 
delivered via the bare 100 um core fibre, the tip of which was held in contact with the lumina! 
surface, 32 argon laser pulses were delivered transluminally in vivo to separate sites in normal 
rabbit iliac and canine coronary arteries. The acute perforation threshold with energy delivered via 
the angioplasty catheter lay between 6 and 10 J and that without the balloon angioplasty catheter lay 
between 3 and 4 J. After delivery of up to 6 J via a balloon angioplasty catheter, there were no 
angiographic abnormalities at one week. Fibre optic transluminal delivery of laser energy may 
improve the primary success rate of, and perhaps widen the indications for, coronary angioplasty. 


Since 1977 it has been possible to revascularise 
human myocardium percutaneously by balloon 
angioplasty.' Originally application of this technique 
was thought to be limited, but the indications for 
percutaneous transluminal coronary balloon angio- 
plasty have widened. There are now only two main 
limitations to the technique. These are the ability of 
the operator to cross the anteromatous lesion with the 
guide wire and balloon, and restenosis, which occurs 
in about 30% of patients, usually within 3-6 months 
of the procedure ?? 

Laser energy can be delivered transluminally via 
an optical fibre introduced percutaneously to vapor- 
ise intraluminally some of the occluding atheroma. 
This should enhance the operator's ability to cross 
the lesion. Use of a laser in conjunction with balloon 
angioplasty (‘‘laser-assisted balloon angioplasty") 
may extend the technique to those lesions which are 
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not attempted because current angiographic 
preselection indicates that they are "uncrossable". 
Whether laser energy could reduce the limitation of 
restenosis is uncertain, but this possibility can be 
evaluated only if the laser technique becomes clin- 
ically applicable. 

The safety of the technique depends on the ability 
to vaporise luminal atheroma without causing undue 
damage to the subjacent normal arterial wall. This 
requires a reliable intracoronary delivery system and 
the definition of the characteristics that will not cause 
either immediate vessel perforation or longer term 
thermal damage. There are reports of relatively high 
in vitro’ and in vivo? vessel perforation rates in 
various normal and atheromatous models and the late 
appearance of aneurysms in arteries treated by laser." 

The present study had three aims. The first was to 
test in vivo a prototype system for the percutaneous 
transluminal delivery of laser energy to the coronary 
circulation. The second was to find the acute in vivo 
perforation threshold of arteries that were the same 
size as those of the human epicardial coronary 
circulation. Intravascular argon laser energy was 
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delivered with the tip of a bare laser fibre deliberately 
positioned tangentially in contact with the luminal 
surface of the artery and then with the laser fibre tip 
protruding from within an inflated balloon angio- 
plasty catheter, so as to minimise direct contact 
between the fibre tip and arterial wall. The third aim 
was to study the immediate and longer term radiogra- 
phic effects of different argon laser pulses (identified 
in a previous in vitro study’ as being appropriate for 
vaporisation of atheroma) delivered via the angio- 
plasty catheter to the normal canine coronary circula- 
tion that might have a bearing on the late appearance 
of perforations, stenoses, or aneurysms. Thus we 
hoped to find conditions for the safe delivery of laser 
energy to the normal coronary circulation. 


Methods 


A Cooper Medical Aurora laser, capable of delivering 
up to 7 W of argon laser power, was coupled to a 100 
jm core diameter optical fibre via an electronic 
shutter. The power output from the distal end of the 
fibre (1:0-3-0 W) was measured with a calorimeter 
and power meter, before and after each series of 
energy deliveries to each animal. 


ENERGY DELIVERY BY BARE FIBRE 

A left lateral thoracotomy was performed under 
general anaesthesia on two normal greyhounds. The 
left coronary artery was cannulated directly with the 
bare optical fibre and the tip was passed distally to 
different sites within its branches. The position of the 
fibre tip was checked by direct inspection of the 
laser’s aiming beam (low power < 1 mW) at the site at 
which it was transilluminating the arterial wall (fig 1). 
At each arterial site, the fibre tip was deliberately 





Fig 1 
pericardial cradle. An optical fibre was inserted via an 
arteriotomy into left anterior descending coronary artery. 
There is laser transillumination from the fibre tip seen just 
below the tip of the central pair of forceps. 


Dog | at thoracotomy, with heart brought up on 
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positioned up against the luminal surface of the 
vessel, and a single laser pulse (the energy of which 
was varied from site to site) was delivered. The 
presence or absence of acute vessel perforation was 
then immediately assessed, by the presence or 
absence of blood leaking from the vessel. The animals 
were then killed and their hearts excised. 

The abdominal aorta and iliofemoral arteries were 
exposed by laparotomy in five anaesthetised rabbits. 
A carotid cut down was performed and the artery was 
cannulated with the bare optical fibre, which was 
passed via the descending aorta to the abdominal 
aorta, the wall of which could be transilluminated 
with the laser’s aiming beam. The fibre tip was 
advanced to various different sites in both iliofemoral 
arteries (its exact position being ascertained from the 
aiming beam). At each arterial site the fibre up was 
positioned in direct contact with the luminal surface 
of the vessel, and a single laser pulse (the energy of 
which was varied from site to site) was delivered. The 
presence or absence of acute vessel perforation was 
then assessed. The animals were then killed and the 
lasered vessels were excised. 

Overall in both the rabbit and dog experiments, 32 
separate laser pulses were delivered to 32 separate 
arterial sites. The range of pulse energies delivered 
was 0-2-7-0 J. 


BALLOON ANGIOPLASTY CATHETER ENERGY 
DELIVERY 

For the experiments with balloon angioplasty cath- 
eter energy delivery, twelve greyhounds were used. 
Each dog was anaesthetised and a cut down was 
performed to the left carotid artery, through which a 
8-3F guide catheter was introduced under radiogra- 
phic screening and advanced to whichever coronary 
ostium was most easily cannulated (the left in all but 
one). A pre-laser coronary angiogram was recorded. 

The optical fibre was preloaded down the 
“through” lumen of a standard 4:3F 3-0 mm balloon 
angioplasty catheter and adjusted so that the fibre tip 
protruded from the catheter tip by 2-3 mm, and the 
device was inserted into the guide catheter. The 
sidearm of a Y connector previously attached to the 
proximal end of the balloon catheter was used for the 
infusion of Hzrtmann's solution down the “‘through”’ 
lumen alongside the optical fibre, at a pressure of 300 
mm Hg and at a rate of 1:5 ml/min. 

For the first three dogs we used balloon angio- 
plasty catheters in which the “through” and balloon 
inflation lumen lay side by side. Thereafter, we used 
balloon angioplasty catheters with a "through" 
lumen that was central to and coaxial with the balloon 
inflation lumen. 
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Initial laser dehvery and angiography 

The fibre/catheter device was passed via the guide 

catheter under radiographic screening several cen- 

timetres into a major branch of a coronary artery. 

Energy was delivered according to the following 

protocol. À sequence of three separate laser pulses 

was delivered to the same site within the cannulated 

artery, in the following order: a 1 J pulse, a 2 J pulse, 

and then a 3 J pulse. For delivery of each individual 

laser pulse we used a set protocol. 

(a) Radiographic contrast medium was injected to 
check vessel patency and integrity. ^ 

(b) The angioplasty balloon was inflated to occlude 
downstream blood flow. 

(c) The Hartmann's perfusion was then turned on. 

(d) The measured amount of laser energy was then 
delivered via the optical fibre during perfusion 
with Hartmann’s solution. 

(e) The angioplasty balloon was then deflated. 

(f) The Hartmann's perfusion was then turned off. 

(g) Radiographic contrast medium was injected to 
check vessel patency and integrity. 

In this way, the laser energy was delivered under 
standardised conditions—the optical fibre being per- 
fused locally with Hartmann's solution, and being 
held as centrally as possible within the vessel lumen 
so that contact time during the cardiac cycle between 
fibre tip and arterial wall would be minimised. The 
fibre/catheter device was then removed from the 
guide catheter, inspected for damage, and a post- 
laser coronary angiogram was recorded. The guide 
catheter was removed, the carotid artery was 
repaired, and the skin was sutured. The dogs were 
then allowed to recover from the anaesthetic. 


Repeat angiography at 7-10 days 

The dogs were re-anaesthetised 7-10 days later. 
After a repeat carotid cut down a 8:3F guide catheter 
was introduced under radiographic screening to the 
ostium of the coronary artery to which laser energy 
had previously been delivered, and a 7-10 day post- 
laser coronary angiogram was recorded. Whenever it 
was possible either the contralateral or the other 
major branch of the left coronary artery was then 
cannulated and a pre-laser angiogram was recorded. 
The fibre/catheter device was then passed into the 
newly cannulated (and previously *'un-lasered") 
coronary artery branch. A single 5 J laser pulse was 
delivered to this arterial branch, by the same delivery 
sequence as described above. On one occasion two 
sequential 5 J laser pulses were delivered to the same 
site. 

The fibre/catheter device was then withdrawn 
from the -guide catheter and a post-laser coronary 
arteriogram was recorded. If the dog survived, 
ventricular fibrillation was induced with intracoron- 
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ary potassium chloride. The animal’s chest was then 
opened and the pericardium was incised. A careful 
inspection was made for any free blood, fluid, 
thrombus, or any epicardial or pericardial damage or 
adhesions, particularly in the region of the vessels 
treated by laser. The animals’ hearts were then 
excised. 

In all the canine experiments, both initially and at 
repeat angiography, the dogs' electrocardiograms 
were continually monitored, and recordings were 
taken before and after laser treatment. 


Results 


DELIVERY OF ENERGY BY BARE FIBRE 

"Table 1 shows the results of the rabbit and open chest 
dog experiments 1n which the bare optical fibre was 
used. Vessel wall perforation never occurred with the 
22 laser pulses whose energies were 3 J or less. Three 
out of five 4 J laser pulses caused acute vessel wall 
perforation, and all five of the laser pulses of 5 J or 
more caused acute vessel wall perforation. 


DELIVERY OF ENERGY BY BALLOON 
ANGIOPLASTY CATHETER 

Table 2 shows the overall results of the closed chest 
dog experiments in which the optical fibre was passed 
within the inflated balloon angioplasty catheter. 


Short term and long term effects of cumulative 1, 2, and 
3 J pulses 

Of the ten dogs that received sequential delivery of 
three laser pulses (1 J, 2 J, then 3 J) to the same site in 
their coronary circulation, nine had normal 
immediate post-laser coronary angiograms and 
unchanged electrocardiograms. Although the car- 
diovascular state of the first and third of these nine 
was satisfactory and stable for several hours after the 
procedure, their ventilation was not (it took over an 
hour to wean both of them off the ventilator), and 
both were found dead the following morning. Post- 


Table 1 Energy dehvery by bare fibres 


Number of perforations/pulsas delivered 

Pulse Dogs Rabbits 

energy (J) (2W) (1W. 15W 2W  3W) Total 
02 ofl 0/1 
05 02  .. zi : 0/2 
10 0[2 (02 oji oi o2  ojs 
20 oft oji 0l 02 0/5 
50 oft oi on oj ojo 
40 in ol .. 23 3/5 
50 0B aho o. .. 2 
60 ; 2 aa —.. 2/2 
70 1/1 1/1 
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Table2 Energy delivery by balloon angioplasty catheter 
Angiography Laser 
—-— — power 
Dog Immediate Repeat Perforation Mode of death (W) 
a N - Nil «12h 2 
anaesthetic 
4 Perf3J - Laser Immediate 15 
laser 
5 N(MP Mechanical <12h 15 
anaesthetic 
6 N N Nil 7 days, killed 3 
7 N(MP N Mechanical 7 days, killed 1 
8 N(MP N Mechanical 7 days, killed 2-5 
9 N(5] - Nil Immediate, 15 
killed 
10 N N Nil 1 
Perf 5 + 5] Laser 10 days, laser 2:5 
11 N(5J Nil Immediate, 1:5 
killed 
12 N(MP N Mechanical 10 days, killed 2 
13 N N Nil 7 days, killed 2 
14 N N Nil 9 days, killed 2 
MP, angiographic evidence of mechanical perforation; Perf, 
perforated; N, normal; (5 J), single 5 J pulse delivered at initial 
angiography 


mortem examination did not find any blood in the 
pericardial space or any other evidence of laser 
perforation or myocardial damage. Postmortem 
angiograms of the lasered vessel were normal. 

Thereafter the anaesthetic technique was altered. 
The other seven dogs recovered and survived with- 
out any complications. Repeat angiography at 7-10 
days of the previously lasered vessels were all normal, 
and there was no change in the dogs' electrocar- 
diograms. Postmortem examination of these seven 
dogs did not show any macroscopic evidence of laser 
perforation. 

In the second of the ten dogs that received the 
sequential laser pulses (1 J, 2 J, then 3 J) to the same 
intracoronary site, laser perforation occurred after 
the 3 J pulse. During the post-laser angiogram the 
dog went into ventricular fibrillation and died. Post- 
mortem macroscopic inspection of the laser perfora- 
tion site (fig 2) showed a discrete hole with little 
surrounding damage. After withdrawal of the fibre 
catheter device it was apparent that the tip of the 
optical fibre had been pushed back (by about 1-5 mm) 
relative to the catheter tip, and that the balloon had 
become deformed into a banana shape such that the 
fibre tip was protruding obliquely from the catheter 
tip. In this balloon angioplasty catheter the through 
and balloon inflation lumens lay side by side. Such 
balloon deformation with oblique displacement of 
the fibre tip did not occur with balloon angioplasty 
catheters with a central through lumen that ran 
coaxially within the balloon inflation lumen. 


Short term effects of 5 J pulses 
In two dogs (9 and 11), because of radiographic 
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contrast induced electrocardiographic instability, a 
single 5 J pulse was delivered at the initial general 
anaesthetic, and the dogs were killed immediately. In 
a third dog (10) it was possible to intubate the other 
main left coronary artery branch at repeat angiogra- 
phy ten days later. In this third dog two separate 5 J 
laser pulses were delivered to the same site. 

In all three, there was no difference between the 
pre- and post-laser angiograms or electrocar- 
diograms after the single 5 J pulse. In dog 10, 
however, perforation occurred after delivery of the 
second 5 J laser pulse to the same site (cumulative 
energy dose of 10 J) (fig 3). A haemopericardium 
formed, bu: the heart continued to beat. After about 
30 minutes (during which there were no arrhyth- 
mias) the animal was killed by infusion of 
intracoronary potassium chloride. Postmortem 
macroscopic inspection of the laser perforation site 
(fig 4) showed a larger hole with more widespread 
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Fig 2 


Pathological specimen from dog 4 showing left 
anterior descending coronary artery after a 3 J laser pulse 

cumulative dose of 6 J) delivered when the laser fibre had 
been inadvertently positioned obliquely within the vessel 
lumen. Compare with fig 4. 
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Fig3  Post-laser left anterior descending coronary 
angiogram in dog 10 after delivery via an angioplasty 
catheter of two 5 J pulses to the same site. Contrast medium 
can be seen spurting from underside of artery, and beginning 
to collect in the pericardial space. 


surrounding damage than was seen after the laser 
perforation with the inadvertently obliquely 
positioned fibre tip. Postmortem examination of the 
other two vessels (which had each received only one 5 
J pulse) did not show macroscopic evidence of laser 
perforation. 


PERFORATIONS 

Throughout the delivery of the 34 different laser 
pulses, laser perforation only occurred on two 
occasions (both described above). On four other 
occasions there was radiographic evidence of 
mechanical perforation of the vessel wall by the 
protruding optical fibre tip during manipulation of 
the fibre/catheter device within the coronary circula- 
tion before any laser energy was delivered. This was 
shown by the appearance of a small blush of 
extravasated contrast medium to one side of the 
vessel when contrast was injected immediately before 
delivery of the first laser pulse (figs 5a-d). 

On all four occasions there were no haemodynamic 
consequences, the fibre/catheter device was man- 
ipulated a centimetre or so past the point of mechan- 
ical perforation, and the sequence of laser pulses was 
delivered to this more distal site as described above. 
In all four cases the immediate post-laser angiograms 
were normal. Three of the four animals survived to 
7-10 days, and at this time repeat angiograms of the 
previously lasered vessels were normal, with no 
evidence of the previous mechanical perforation. In 
one of these three dogs, postmortem examination 


showed a small subepicardial haematoma (fig 6). In 
the other two there was no postmortem evidence of 
vessel perforation. 

One of the four instances of mechanical perfora 
tion occurred in a dog in which death was attributed 
to anaesthesia. Postmortem examination showed a 
small subepicardial haematoma at the site of mechan 
ical perforation, but no macroscopic evidence of laser 
damage, nor any blood, clot or adhesions within the 
pericardium. A postmortem angiogram of this 
lasered vessel was normal. 


CATHETER DAMAGE 

On three occasions the fibre/catheter device was 
damaged during the procedure. The first occasion 
(already described) was when the optical fibre tip 
became pushed back relative to the catheter tip, such 
that the fibre protruded obliquely causing laser 
perforation. 

On the other two occasions, during delivery of the 
first laser pulse the balloon suddenly deflated and 
could not be reinflated. An internal perforation 
between the balloon and the through lumen had 
occurred and contrast medium had passed via the 
balloon into the through lumen and out into the 
lumen of the coronary artery. There were no 
haemodynamic or electrocardiographic consequen 
ces. On one occasion the fibre had retracted relative 
to the catheter (while it was being manipulated to the 
coronary circulation) such that its tip was entirely 
within the tip of the catheter and on the other 
occasion the fibre fractured within that part of the 
through lumen that traverses the balloon 

All three cases of catheter/fibre damage occurred 
with balloon angioplasty catheters in which the 
through and balloon inflation lumens ran side by 
side. Thereafter we used only balloon angioplasty 





Fig 4 Pathological specimen of the perforated left anterior 
descending coronary artery in dog 10. Perforation occurred 
after delivery, via an angioplasty catheter of two 5 J la 
pulses. Compare with fig 2. 
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Fig 5 


catheters with through lumens that were central and 
coaxial within the balloon inflation lumens, and no 
further catheter/fibre damage occurred. 


Discussion 


From a superficial examination of these data it might 
appear that the laser perforation threshold was 
higher when laser delivery was via an angioplasty 
catheter than when it was not. No definite con- 
clusions can be drawn about this, however, as the 
presence or absence of a balloon angioplasty catheter 


Mechanical perforation in dog 12. (a) Showing blush of extravascular contrast medium to right of left anterior 
descending artery, just downstream from distal radiographic marker (arrowed) of balloon angioplasty catheter. (b) Fibre 
catheter device manipulated distal to site of mechanical perforation ( distal radiographic marker arrowed). (c) Immediate 
post-laser angiogram with no evidence of laser perforation or further extravasation from the mechanical perforation site. 
(d) Angiogram obtained 10 days after angioplasty showing no evidence of mechanical or laser damage. 


was not the only factor that varied between delivery 
of energy by bare fibres and by balloon angioplasty 
catheters. 

We used bare fibres to deliver 32 laser pulses to 32 
separate sites on the luminal surface of 12 arteries 
during blood perfusion in open chest dogs or exposed 
rabbit iliac vessels. The acute in vivo argon laser 
perforation threshold lay between 3 and 4 J; energy 
density with this fibre is about 50 kJ /cm°. 

We used a balloon angioplasty catheter to deliver 
34 laser pulses to 13 separate sites in 13 different 
coronary arteries: at two sites a single (5 J) pulse was 
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Fig6 Pathological specimen showing subepicardial 
haemotoma in dog 7. This was an incidental finding when the 
dog was killed one week after mechanical perforation that 
had no sequelae, ( A myocardial block was excised from the 
apical region post mortem.) 


given, at one site two sequential pulses (2 x 5 J) 
were given, and at ten sites three sequential pulses (1 
],2], and 3 J) were given. The laser pulses were given 
during Hartmann’s perfusion in closed chest dogs. 
With one exception, laser energy of up to 5 J (single 
pulse) or 6 J (cumulative dose) at one site produced 
no immediate angiographic or electrocardiographic 
abnormalities; however, a cumulative dose of 10 J at 
one site produced immediate vessel perforation. 
The exception was dog 4, in which laser perfora- 
tion occurred after a 3 J pulse (6 J cumulative dose), 
and this was the only case in which deformation of the 
balloon had caused the fibre tip to protrude obliquely 
from the catheter tip. In all subsequent cases we used 
angioplasty catheters with a through lumen that was 
central and coaxial within the balloon inflation 
lumen, and inspection of the fibre/catheter system 
after laser delivery did not show any deformity or 
oblique protrusion of the fibre tip. In all we found a 
straight balloon with the fibre tip positioned centrally 
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as it emerged from the catheter tip. Macroscopically, 
the perforation site in dog 4 (fig 2) was smaller and 
with less surrounding damage than that produced by 
10 J in dog 10 (fig 4) when the fibre had remained 
central within the catheter tip. 

Non-perforating laser pulses (of up to 3 J (single 
pulse) or 6 J (cumulative dose)), delivered via balloon 
angioplasty catheter resulted in no angiographic or 
electrocardiographic abnormalities at 7-10 days. The 
higher perforation threshold with the balloon angio- 
plasty catheter must be the result of several factors, 
only one of which is the positioning of the fibre tip 
within the vessel lumen to reduce direct contact with 
the arterial wall during the cardiac cycle. Other 
factors are the use of closed chest dogs, sequential 
laser pulses, and Hartmann’s perfusion with the 
balloon angioplasty catheter, as opposed to the use of 
open chest dogs, rabbit iliac vessels, single laser 
pulses, and blood perfusion with the bare fibre 

Initially open chest dogs were chosen so that direct 
intraluminal contact could be ensured and immediate 
vessel perforation recognised by direct visual 
examination. A range of pulse energies was used to 
find an approximate perforation threshold. There 
after, for the sake of economy we used rabbit iliac 
arteries of similar size. Results were similar in both 
rabbits and dogs. Differences between the thermal 
damping of the open preparations (used with bare 
fibres) and that of the closed preparations (used with 
balloon angioplasty catheters) will influence the 
perforation threshold. The laser perforation in dog 4 
at an energy level equivalent to the bare fibre 
perforation threshold, however, suggests that the 
thermal damping effect is not large. 

To imitate clinical practice, we used closed chest 
dogs with balloon angioplasty catheters, and in al! 
but two, sequential pulses were delivered to one site 
In the two in which a single 5 J pulse (which exceeds 
the bare fibre perforation threshold) was delivered to 
a single site, perforation did not occur. This suggests 
that the higher perforation threshold with an angio 
plasty catheter may not wholly be the result of 
sequential pulses. 

The presence of blood enhances argon laser vapor 
isation, including that caused radially from the 
central axis of the fibre tip. This will have been a 
(perhaps major) contributory factor in the lower 
perforation threshold with the bare fibre. Because in 
clinical practice we would aim to minimise the lateral 
spread of thermal effect by delivering the laser energy 
in clear fluid we used perfusion with Hartmann’s (to 
maintain intracoronary normokalaemia in the closed 
chest dogs). Dangerous localised intracoronary 
hyperkalaemia caused by argon laser induced 
haemolysis is unlikely.” 

Although with our fibre/catheter device, mechan 
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ical perforation did not cause haemodynamic 
sequelae, it is none the less undesirable. This risk 
could be minimised by modifying our delivery sys- 
tem such that the fibre/catheter device is advanced 
into the coronary circulation. without the fibre 
protruding from the catheter tip. The fibre tip could 
then be pushed out of the catheter tip once the 
catheter has been manipulated to the target lesion. 

Fibre fracture and catheter damage occurred only 
in the region of the balloon, and only in those 
catheters in which the "through" and inflation 
lumens lay side by side, and were immediately 
recognisable by the failure of the balloon to inflate. 
But under these circumstances the catheter could be 
withdrawn without complication. 

Percutaneous transluminal delivery of argon laser 
energy to the canine coronary circulation has been 
studied by others when a bare 200 uum core diameter 
fibre was used to deliver single 1 J or 2 J laser pulses 
to different coronary arterial sites; in nine arteries in 
five dogs laser perforation occurred in five and 
mechanical perforation in one.” In a similar study 
with a bare 400 um core fibre and single laser pulses 
of 28 to 80 J at coronary sites in four dogs, immediate 
laser perforation occurred in all four." In similar 
work on canine intracoronary thrombus, single pul- 
ses of 3 to 30 J caused laser perforation in seven out of 
nine dogs and recanalisation in one." In these studies 
not only were the fibres of larger diameter than those 
used in our study (making them less flexible), but the 
fibres were not within a balloon angioplasty catheter. 
'These factors, together with the higher delivered 
energies, would explain the high perforation rates at 
energies that were consistent with the perforation 
thresholds that we found. Also in the previous 
studies none of the dogs were recovered, so late 
follow up repeat angiography of previously lasered 
canine coronary arteries was impossible. 

'The delivery of laser energy has been studied in 
human peripheral >" and coronary ^" circulations. A 
bare fibre with an olive-shaped metal tip was used for 
percutaneous intracoronary delivery? and in 14 
cases there was one laser perforation and three 
myocardial infarctions. There are several potential 
dangers of laser angioplasty—acute vessel perfora- 
tion, toxic byproducts of photovaporisation,” distal 
embolisation,” ? and delayed effects such as sub- 
sequent stenosis or aneurysm formation"! but acute 
vessel perforation is the most important. 

The risk of vessel perforation can be reduced by 
(a) selective enhancement of laser light absorption 
by atheroma (as opposed to that of the normal arterial 
wall) by using differential optical absorption peaks 
that are either naturally? or induced by photosensit- 
isers,^ " (b) keeping the fibre central within the 
vessel lumen in order to reduce contact between fibre 
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tip and arterial wall,” (c) modifying the fibre tip,”” 


and delivering laser pulses of short duration that 
penetrate only a fraction of a millimetre into the 
target tissue. This may enable the operator to “nib- 
ble" away the atheroma gradually, while checking 
progress angiographically between laser pulses. Very 
short laser pulses (of nanosecond duration) limit the 
subjacent thermal damage, particularly if they are at 
the high peak powers obtainable from pulsed 
ultraviolet excimer lasers.” " We have previously 
reported an in vitro dose-response relation between 
laser energy input and tissue penetration in normal 
and atheromatous human postmortem arterial wall.’ 
This described a range of energy characteristics 
which, if applied to delivery of laser energy from the 
fibre tip in contact with and at right angles to the 
tissue, would not produce penetration further than 
0-2-1:0 mm. The design of the present study is based 
on the energy characteristics of the argon laser 
established by that study. In the present study we 
used pulse energies which in vitro did not penetrate 
further than 1 mm into the target tissue, per J of 
argon energy delivered, and which were thought to 
be appropriate for “nibbling” away of atheroma. 

We have now established in vivo the short term 
and long term angiographic effects of such amounts 
of argon laser energy and we know the amount that 
can safely be delivered to one site in the normal 
canine coronary circulation. If this cautious 
approach (that of “nibbling” away a millimetre of 
atheroma at a time without exceeding the maximum 
safe dose for normal arterial wall) is used clinically it 
may reduce the risk of acute laser perforation. The 
limitation of the system we have described is that the 
recanalised lumen that it creates is liable to be too 
small for physiological blood flow. But creation of 
even a tiny lumen may enable operators subsequently 
to cross those lesions which hitherto they had been 
unable to cross with the guide wire and balloon alone. 
Modified fibre tips make this appear feasible in the 
peripheral circulation? "; however, further develop- 
ment is necessary before it can safely be applied to the 
coronary circulation. 


This work was supported by the British Heart 
Foundation, and the Stanley Thomas Johnson Foun- 
dation. 


References 


1 Gruntzig AR, Senning A, Siegenthaler WE. Non- 
operative dilatation of coronary artery stenosis, per- 
cutaneous transluminal coronary angioplasty. N Engl 
J Med 1979;301:61-7. 

2 Dorros G, Stertzer SH, Cowley MJ, Myler RK. Com- 
plex coronary angioplasty: multiple coronary dilata- 


d 


Perforation thresholds and safety factors in in vivo coronary laser angioplasty 


3 


10 


11 


13 


14 


15 


16 


tions. Am J Cardiol 1984,53:126C-30C. 

Holmes DR, Vlietstra RE, Smith HC, et al, Restenosis 
after percutaneous transluminal coronary angioplasty 
(PTCA): a report from the PTCA registry of the 
National Heart, Lung and Blood Institute. Am J 
Cardiol 1984;53:77C-81C. 

Isner JM, Donaldson RF, Funai JT, et al. Factors 
contributing to perforation resulting from laser 
coronary angioplasty: observations in an intact 
human post-mortem preparation of intra-operative 
laser coronary angioplasty. Circulation 1985;72(suppl 
I1:11-191-9. 

Abela GS, Normann SJ, Cohen DM, et al. Laser 
recanalisation of occluded atherosclerotic arteries in 
vivo and in vitro. Circulation 1985;71:403—11. 

Lee G, Ikeda RM, Theis JH, et al. Acute and chronic 
complications of laser angioplasty: vascular wall 
damage and formation of aneurysms in the atheros- 
clerotic rabbit. Am J Cardiol 1984;53:290-3. 

Bowker TJ, Bown SG, Poole-Wilson PA, Fox KM, 
Salmon PR, Rickards AF. Quantitative comparative 
analysis of argon and Nd-YAG laser radiation of 
normal and atheromatous arterial walls [Abstract]. Br 
Heart J 1985;53:101. 

Fenech A, Abela GS, Crea F, Smith W, Feldman R, 
Conti CR. A comparative study of laser beam charac- 
teristics in blood and saline media. Am J Cardiol 
1985355:1389-92. 

Bowker TJ, Cross FW, Rumsby PT, er a/. 1s localised 
intracoronary hyperkalaemia a risk of laser angio- 
plasty? [Abstract]. Br Heart J 1985,54:637. 

Crea F, Abela GS, Fenech A, Smith W, Pepine C], 
Conti CR. Transluminal laser irradiation of coronary 
arteries in live dogs: an angiographic and morphologic 
study of acute effects. Am J Cardiol 1986;57:171-4. 

Lee G, Seckinger D, Chan MC, er al. Potential com- 
plications of coronary laser angioplasty. Am Heart J 
1984;108:1577-9. 

Crea F, Fenech A, Smith W, Conti CR, Abela GS. 
Laser recanalisation of acutely thrombosed coronary 
arteries in live dogs: early results. J Am Coll Cardiol 
1985;6:1052-6. 

Ginsberg R, Wexler L, Mitchell RS, Profitt D. Per- 
cutaneous transluminal laser angioplasty for treat- 
ment of peripheral vascular disease. Radiology 
1985;156:619-24. 

Geschwind HJ, Boussignac G, Teisseire B, Benhaiem 
N, Bittoun R, Laurent D. Conditions for effective 
Nd-YAG laser angioplasty. Br Heart J 1984;52: 
484-9, 

Cumberland DC, Sanborn TA, Tayler DI, er al. 
Percutaneous laser thermal angioplasty: initial clin- 
ical results with a laser probe in total peripheral artery 
occlusions. Lancet 19863i:1457-9. 

Fournial G, Choy D, Marco J, et a/. Coronary artery 
disobliteration by laser: a peroperative study. Arch 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


437 


Mal Coeur 1985;78:1061—5. 

Livesay JJ, Leachman DR, Hogan P], et al. Preliminary 
report on laser coronary endarterectomy in patients 
[Abstract]. Circulation 1985;72:111-302, 

Cumberland DC, Starkey IR, Oakley GDG, et ai. 
Percutaneous laser-assisted coronary angioplasty 
[Letter]. Lancet 1986;11:214. 

Crea F, Davies G, McKenna W, Pashazade M, Taylor 
K, Maseri A. Percutaneous laser recanalisation of 
coronary arteries [Letter]. Lancer 1986;11:214~5. 

Sanborn TA, Faxon DP, Kellett MA, Ryan T]. Per- 
cutaneous coronary laser thermal angioplasty. / Am 
Coll Cardiol 1986;8:1437-40. 

Isner JM, Clarke RH, Donaldson RF, Aharon A. 
Identification of photoproducts liberated by in vitro 
argon laser irradiation of atherosclerotic plaque, cal- 
cified cardiac valves and myocardium. 4m J Cardiol 
1985;55:1192-6. 

Case RB, Choy DSJ, Dwyer EM, Silvernail PI. 
Absence of distal emboli during in vivo laser recanal- 
isation. Lasers Surg Med 1985;5:281--9, 

Vieilledent C, Geschwind H, Teisseire B, Boussignac 
G. Is laser angioplasty a safe technique? [Abstract]. 
Circulation 1984;70:11-266. 

Cross FW, Bowker TJ, Bown SG. The healing process 
in the dog following intraluminal delivery of pulsed 
Nd-Y AG laser energy. Br J Surg 1987,74:430-5. 

Bowker TJ, Edwards P, Hall TA, er al. Optical trans- 
mission of normal and atheromatous arterial wall: a 
spectral analysis. Cardiovasc Res 1986;30-303-7, 

Litvack F, Grundfest WS, Forrester JS, et al. Effects of 
haematoporphyrin derivative and photodynamic 
therapy on atherosclerosis. Am J Cardio] 1985; 
56:667-71. 

Murphy-Chutorian D, Kosek J, Mok W, er al. Selective 
absorption of ultraviolet laser energy by human 
atherosclerotic plaque treated with tetracycline. 4m J 
Cardiol 1985;55:1293-7. 

Sanborn TA, Faxon DP, Haudenschild CC, Ryan TT. 
Experimental angioplasty: circumferential distribu- 
tion of laser thermal energy with a laser probe. / Am 
Coll Cardiol 1985;5:934~8. 

Bowker .TJ, Cross FW, Bown SG, Rickards AF. 
Reduction of vessel wall perforation by the use of 
sapphire tipped optical fibres in laser angioplasty 
[Abstract]. Br Heart J 1987;57:88. 

Dekelbaum LI, Isner JM, Donaldson RF, er al. Reduc- 
tion of laser induced pathologic tissue injury using 
pulsed energy delivery. Am J Cardiol 1985;56:662—7. 

Bowker TJ, Cross FW, Rumsby PT, Gower MC, 
Rickards AF, Bown SG. Excimer laser angioplasty: 
quantitative comparison in vitro of three ultraviolet 
wavelengths on tissue ablation and haemolysis. Lasers 
Med Sci 1986;1:91-9. 

Cross FW, Bowker TJ. Percutaneous laser angioplasty 
with sapphire fibretips [Letter]. Lancer 198731330, 











Br Heart J 19885,59:438—45 


Patterns of diastolic dysfunction in left ventricular 
hypertrophy 


LEONARD M SHAPIRO,* DEREK G GIBSONTt 
From the National Heart* and Bromptont Hospitals, London 


SUMMARY The relative sensitivities of and interrelations between different measurements of 
diastolic function were studied in 50 patients with left ventricular hypertrophy diagnosed on 
anatomical grounds. Isovolumic relaxation time, the interval from minimum cavity dimension to 
mitral valve opening and relative dimension increase during this period, and the peak rate of 
dimension increase and wall thinning during rapid ventricular filling were measured by digitised M 
mode echocardiography. The relative heights of peak early diastolic and atrial velocities (a/E) and 
the time for decline of early diastolic velocity to half its peak value (velocity half time) were 
measured on continuous wave and pulsed Doppler and the relative height of the “ʻa” wave was 
measured by apexcardiogram. All sets of values except those of the interval from minimum 
dimension to mitral opening were unimodally distributed, and all differed significantly from those 
in 20 age matched controls. The relative height of the “‘a” wave on the apexcardiogram (90% values 
were abnormal) was the most sensitive method of studying left ventricular diastolic function and 
peak rate of dimension increase was the least sensitive. Though none of the correlations was high, 
there were individual associations between peak rate of dimension increase, a/E, peak wall thinning 
rate, and velocity half time, and independently between delay in mitral valve opening and 
dimension change during this period. Other values seemed to be independent of one another, 
suggesting a different physiological basis. 

Itis concluded that these various abnormal values do not reflect a single underlying disturbance 
of diastolic function. There are at least four possible discrete abnormalities: prolongation of 
isovolumic relaxation; incoordination during isovolumic relaxation; reduced rate of rapid filling; 
and an increase in the relative amplitude of the “a” wave probably caused by increased passive 
stiffness. These may be present singly or in combination in any patient. 


Left ventricular diastolic function may be abnormal 
in various cardiac conditions including coronary 
artery disease and hypertrophy.'? 'These diastolic 
abnormalities may be associated with limitation of 
exercise tolerance, added heart sounds, and evidence 
of increased atrial contraction. They have been 
detected by an increasing number of invasive and 
non-invasive methods during isovolumic relaxation, 
rapid ventricular filling, diastasis, and left atrial 
systole.** It is still not clear whether these all reflect, 
to a different extent, a single disturbance of diastole 
or whether there is more than one independent 
abnormality. We examined correlations between the 
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results of several of these investigations in an 
homogeneous group of patients with left ventricular 
hypertrophy to determine the extent to which these 
different measurements are interrelated. In this way 
we hoped to provide a framework ın which this 


.growing body of information might be assimilated, 


and possibly to shed light on the nature of the 
underlying disturbances of diastole. 


Patients and methods 


STUDY POPULATION 

An M mode echocardiogram, apexcardiogram, and 
Doppler echocardiograms were recorded in 50 
patients with left ventricular hypertrophy. We 


selected patients in sinus rhythm in whom the left ‘ 


ventricular mass exceeded the normal 95% 
confidence interval. Patients were excluded if there 
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was clinical evidence of coronary artery disease, 
mitral valve disease, valve regurgitation severe 
enough to increase cavity size, or evidence of regional 
abnormalities of wall motion on cross sectional 
echocardiography. The group with left ventricular 
hypertrophy was made up of 20 patients with hyper- 
trophic cardiomyopathy, 24 with valvar or subvalvar 
aortic stenosis, and six with systemic hypertension. 
There were 27 male patients and 23 female patients, 
aged 12 to 74 years (mean 53). 

Twenty subjects (11 male and nine female, aged 
14-71 years) without heart disease underwent a 
similar cardiac investigation and served as normal 
controls. 


M MODE ECHOCARDIOGRAM 

The patients were studied in the partial left lateral 
position. The examination was completed in 10 to 15 
minutes, during which time there was no obvious 
change in haemodynamic state. Echocardiograms 


were recorded with simultaneous phonocardiogram: 
and electrocardiograms at a paper speed of 10 cm s. A 
left ventricular echocardiogram at the level of the tip: 
of the mitral valve (to define onset of cusp opening 
showing clear continuous echoes from both the 
septum and posterior wall was used for furthe: 
analysis (fig 1). The thickness of the septum and 
posterior wall was measured (cm) at end diastole (Q 
wave) by the leading edge method. The timing o 
aortic valve closure was taken as the onset of the first 
high frequency vibration of the aortic second hear! 
sound and isovolumic relaxation as the interva 
between this and the initial separation of the mitra 
valve leaflets. The interval from minimum cavit 

dimension to mitral valve opening was measure 
(ms) and the increase in transverse cavity dimensior 
during that period was expressed as a percentage o! 
the total dimension change during the cardiac cycle 

Echocardiograms were digitised’ by a Summagra 
phics digitiser and a Prime computer system. W 





IREX 2D DOPPLER SYSTEM 


Fig1 


ATE! 19-4-85 11 


M mode echocardiogram in a patient with severe left ventricular hypertrophy caused by hypertrophic cardiomyopat 


Isovolumic relaxation time (ivr) is prolonged (95 ms) but there is only minor delay in mitral valve opening relative t 
minimum cavity dimension without appreciable outward wall motion. Both the peak rate of dimension increase and poster 


wall thinning are reduced. 
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measured the peak rates (cm/s) of increase in dimen- 
sion and posterior wall thinning during early diastole 
from the records. 


APEXCARDIOGRAM 
'The apexcardiogram was recorded from the point of 
maximum cardiac impulse with the patient in the 
partial left lateral position. A transducer funnel that 
enclosed the impulse was selected (2-5 or 3 cm). The 
system had a time constant of 4s with a lower 
frequency limit of 0-05 Hz. We calculated the ratio of 
the height of the A wave to the total deflection EO, 
(A/EO) from a mean of three cardiac cycles (fig 2). 


DOPPLER ULTRASOUND 

After a cross sectional echocardiographic study a 
continuous wave dual crystal Doppler transducer 
was placed at the point of maximum cardiac dis- 
placement. A 2 MHz transducer with either Doptek 
or Vingmed equipment interfaced with Irex spectral 
analysis was used. In addition, duplex scanning with 
pulsed Doppler ultrasound (Irex system III) was 
used in 20 patients with the sample gate placed just 
within the left ventricle. By inspection of the visual 
display and with the guidance of the audio signal, the 
angulation of the transducer was altered until the 
highest peaks of flow velocities in early and late 
diastole and the best possible graphic quality of the 
Doppler waveforms were obtained. Doppler signals 
were analysed by electronic fast Fourier transforma- 
tion .with sampling at 5 ms intervals and signal 
division into 128 frequency bins. 

The following measurements were made on three 
cardiac cycles: the ratio of the peak height of the early 
diastolic (E) and atrial (a).waves (Doppler a/E) and 
the time taken for the peak early mitral flow velocity 
to decay by 50%; this is not equivalent to “pressure 





mau cule aetatcs E 
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Fig 2 Apexcardiogram in the same patient as fig 1 showing 
a markedly accentuated “a” wave coincidental with the 
phonocardiographic fourth heart sound (14). 
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half time” because in contrast with the stenotic 
atrioventricular valve the decline in flow velocity 
across a normal valve is not exponential and during 
the phase of deceleration the pressure gradient is 
likely to be reversed. The measurement has therefore 
been referred to as a velocity half time. 


STATISTICAL METHODS 

Values are quoted as mean (1 SD). Student's t test 
(unpaited) was used to test differences between 
normally distributed variables and the Mann- 
Whitney U test between variables with a skewed 
distribution. The relation between continuously dis- 
tributed- variables was measured by Pearson’s 
correlation coefficient (r). Fisher's exact probability 
test was used to test the power of association and the 
Kolmogorov-Smirnov test to determine the nature of 
numerical distribution. Measurement reliability was 
tested by the random selection of 10 sets of records 
and repetition of the measurements without prior 
knowledge of the previous results. Retest reliability 
coefficients were calculated; we assumed an ideal 
value of unity. The retest reliability coefficients for 
the Doppler ultrasound, apexcardiogram, and M 
mode echocardiogram measurements were adequate 
and exceeded 0-9 in each case. Individual values were 
taken to-be abnormal if they lay outside the 99% 
confidence interval of the normal group. 


Results 


MEAN CAVITY DIMENSION AND WALL 
THICKNESS 

By definition, patients with le ventricular hypertro- 
phy had a thicker posterjor wall and septum than 
normal controls (1 4 (0-3) and 1-8 (0-5) cm vs 0-8 (0-1) 
and 0:9 (0:2) cm respectively). By definition, also, 
cavity dimensions in patients with left ventricular 
hypertrophy did not differ significantly from normal. 


DIASTOLIC FUNCTION BY DOPPLER 

ULTRASOUND (TABLE 1) 

The Doppler ratios of a/E measured by continuous 
(0-9 (0-46)) and pulsed methods (0-87 (0-45)) had 
similar mean values and a correlation coefficient of 
r = 094 (p < 0-001). Velocity half times 
measurement by continuous (119 (50)ms) and pulsed 
Doppler (120 (51)ms) were similar with a correlation 
coefficient of r = 0-93 (p < 0-001). Because there 
were no significant differences between any 
individual subgroups with left ventricular hypertro- 
phy, all 50 patients were considered together. As 
expected they differed significantly from the normal 
group: the Doppler ratio a/E was greater (p « 0-001) 
with 15 (30%) outside the normal 99% confidence 
interval and the velocity half time was reduced 
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Fig3 Apical continuous wave Doppler study showing a reduced velocity half time and a dominant A wave in a patient with 
aortic stenosis. 


(p < 0:001) with only 17 patients within the normal 
range (table 1). 


DIASTOLIC FUNCTION BY DIGITISED M MODE 
ECHOCARDIOGRAPHY 

Mean isovolumic relaxation time was longer in 
patients with left ventricular hypertrophy than in 
normal controls. Twenty one (42%) patients had 
values above the upper 99%, confidence interval for 
normal and six had values below the lower limit. In 
patients with left ventricular hypertrophy mitral 
valve opening was delayed by 77 (45) ms relative to 
minimum dimension (normal 10 (3), p « 0:001), 
with two having values below and 40 values above the 
normal 99", confidence interval. In patients with left 
ventricular hypertrophy the change in dimension 
before mitral valve opening was 20(19)",, compared 
with the normal of 0(3)?,, with one patient having 
values below and 32 values above the normal 99%, 
confidence interval. The mean values for the peak 
rate of dimension increase and wall thinning were 
both less than normal (p « 0:001) with 15 and 24 
patients respectively having values below the normal 
range. 


DIASTOLIC FUNCTION BY APEXCARDIOGRAPH Y 
Only five patients with left ventricular hypertrophy 
had a normal A/EO and in this group the mean value 
was greater than normal (p < 0-001). 


Table1 Comparison of diastolic function in normal contro! 
and patients with left ventricular hypertrophy 





Left ventricula 





Normal hypertroph 
No 20 50 
a/E (^,) 0:52 (0-12 0:71 i 
Velocity half time (ms) 62 14 126 38 
AJEO (°,) 0-07 (0-02 0-26 (0-0 
Isovolumic relaxation time (ms) 57 8 90 38 
Minimum dimension (ms) to 10 3 77 45 
MVO 
Dimension change before ü 3) 20 19 
MVO (",) 
Peak rate (cm/s) of dimension 14 3) 9:7 Mt 
increase 
Peak rate (cm/s) of wall thinning 9 2 54 (24 


——À —ÓÓÓ—MÓ—M——— 
a/E, Doppler ratio of “a” to E waves; MVO, mitral valve opening; 
A/EO, apexcardiographic relative height of "a" wave. Values are 
mean (1 SD). 
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Table2 Distribution of values outside the normal 99% confidence interval 





Number of values greater than normal 99% confidence interval 


Total a]E VHT AJEO 

a/E 15 20%) 11 12 
VHT 33 in 1 30 
AJEO 45 (90%) 12 30 

IVR 21 (42%) 5 13 21 
PRE 15 00%) 8 12 12 
PRT 24 (48% 100 | 17 20 
MDMVO 40 20%) 13 25 33 
DCMVO 43 (86% 11 22 30 


IVR PRF PRT MDMVO  DCMVO 
5 8* 10 13 11 
21 13* 20 25 22 
21 13 20 33 30 
6 9 19 7 
6 1 8 7 
9 10* 19 17 
19 8 19 34* 
17 7 17 34* 





*p « 0-01 Fisher exact probability test 
VHT, velocity half time; I 


t 


VR, isovolumic relaxation, PRF, peak rate of dimension mcrease; PRT, peak rate of wall thinning; 


MDMVO, minimum dimension to mutral valve opening, DCMVO, dimension change before mitral valve opening. 


CORRELATION OF METHODS IN DETECTING 
ABNORMAL DIASTOLIC.FUNCTION 

If two tests are totally independent, the results of the 
first will be of no value in identifying patients with an 
abnormal result in the second. If, on the other hand, 
there is dependence between the two, the second test 
will be positive more often in patients in whom the 
first test was abnormal. T'able 2 gives the information 
used to assess the degree of-dependence in this way. 
The total number of patients in whom values were 
outside the normal 99% confidence interval for each 
test are given in the left hand column. The remaining 
columns show the frequency with which the other 
tests were positive in patients with positive results in 
the first test. There were correlations between a/E 
and peak rate of dimension increase, between velocity 
half time and peak rate of dimension increase, and 
between peak rate of dimension increase and peak 
thinning rate. À separate relation was noted between 
delay in mitral valve opening with respect to min- 
imum dimension and the dimension change during 
that period (all p < 0-01 by Fisher’s exact probability 
test). For the remaining tests positive results in the 
second test were unrelated to positive results in the 
first test. 

When the results in individual patients were 
` examined the conclusion was similar. The Doppler 
a/E ratio correlated with velocity half time (r = 0 50, 
p < 0-001) and with peak rate of dimension increase 


(r = 0-41, p < 0:01). Velocity half time was related to 
peak rate of dimension increase (r = 0-51, p < 0-001) 
and posterior wall thinning (r = 0-44, p < 0-01). 
Correlations obtained by pulsed and continuous 
Doppler did not differ significantly. Minimum 
dimension to mitral valve opening and dimension 
change during this period were correlated significan- 
tly with each other (r = 0-7, p < 0-001) but not with 
any other measurements. There were no other sig- 
nificant correlations except an expected one between 
peak rate of dimension increase and wall thinning 
(r = 0-71, p < 0-001). In the population with left 
ventricular hypertrophy all results were unimodally 
distributed, except those measurements of dimen- 
sion change before mitral valve opening, which 
showed peaks at 15% and 50% total dimension 
change respectively. The former is within the normal 
99% confidence interval and the latter outside it. 
There was no predominance of any patient group in 
either peak, however. 


Discussion 


Diastolic left ventricular function is often abnormal 
in patients with left ventricular hypertrophy, and 
more abnormalities are reported as new methods are. 
described for its study. It is not clear, however, how 
al these measurements, often referred to as 
"parameters" of diastolic function, relate to one 


Table3 Correlation between measurements of diastolic function in patients with left ventricular hypertrophy ` 





ajE (CW) VHT (CW) AJBO IVR 
VHT (CW) 0-5* 016 002 
a[E (CW) 05* 037f 017 
VHT (PW) 0 87 0 027 0 105 
aE (PW) 0 0 83 034 021 
AfBO 037 016 0 05 


PRF PRT MDMVO | DCMVO 
05* 0-44* 003 001 

0 4* 0:13 004 008 
058* 051* 02 02 

055* 03 0-01 01 

001 001 003 01 


CW and PW represent conunuous and pulsed wave Doppler recordings. 


Significance of r value: *p < 001, tp < 005; tp « 0001 
Sec footnote to table 2 for abbreviations. 


Patterns of diastolic dysfunction in left ventricular hypertrophy 


another. One view is that they all reflect, to a greater 
or lesser extent, some single underlying disturbance, 
such as “impaired relaxation’”® or "reduced com- 
pliance".! If so, the various methods can only 
diverge in individual patients because of incidental 
factors such as their relative indirectness or simply 
random error. An alternative view is that two or more 
discrete disturbances of diastolic function exist, 
whose extent can vary independently between 
patients. We aimed to study this problem by making 
a series of measurements of diastolic left ventricular 
function in a homogeneous group of patients with left 
ventricular hypertrophy confirmed by well defined 
anatomical criteria. The majority had outflow tract 
obstruction or hypertrophic cardiomyopathy. The 
methods were designed to cover all aspects of diastole 
from isovolumic relaxation to atrial systole, and we 
were interested not only in their relative sensitivity in 
detecting any abnormality, but also in their distribu- 
tion and the extent to which their results were 
independent of one another. 

Our results confirm that all the methods we used 
frequently gave values outside the 99% confidence 
interval of an age matched normal population. We 
chose 99%, rather than 95% intervals because our 
normal population was not large enough to allow us 
to derive the relation between these normal intervals 
and age, and because we used them to identify 
abnormal values in individual patients." Some 
methods gave abnormal values much more often than 
others. Those that were most often abnormal were an 
increase in the relative height of the “a” wave on the 
apexcardiogram and delay in mitral valve opening 
with respect to minimum cavity dimension. The 
relative height of the “a” wave on the Doppler 
echocardiogram (a/E) and peak rate of dimension 
increase on the M mode echocardiogram were abnor- 
mal least often. Intermediate were the duration of 
isovolumic relaxation, the rate of velocity decline at 
the end of the rapid phase of left ventricular filling, 
and peak rate of thinning of the posterior left 
ventricular wall. 

Although values for these different measurements 
did not correlate closely in individual patients, there 
were significant associations. Thus a reduced rate of 
dimension increase was much commoner in patients 
with a prolonged flow velocity decline than in those 
in whom it was normal; a/E ratio and peak rate of 
dimension increase were similarly associated. This 
suggests that these three quantities were not 
independent of one another. In the same way, the 
delay in mitral valve opening with respect to min- 
imum dimension was independently related to the 
extent of left ventricular dimension increase during 
the same period, but not with isovolumic relaxation 
time itself. Indeed, we could not demonstrate any 


443 


association between isovolumic relaxation time or 
the relative height of the “a” wave on the apexcar- 
diogram and any other of the variables that we 
investigated. The measurements themselves were all 
internally consistent, and values often departed con- 
siderably from normal in patients with left ven- 
tricular hypertrophy. We are not therefore inclined 
to ascribe this independence simply to extensive 
noise or physiological variation confounding our 
attempts to determine the extent of a single distur- 
bance, but rather we consider it provides evidence 
that there is more than one discrete determinant of 
diastolic function. 

Most of the measurements we made were 
unimodally distributed throughout the patient 
population. Those of dimension increase before 
mitral valve opening were exceptional in falling into 
two groups, one with values only slightly higher than 
normal and tbe other in which they were considera- 
bly more disturbed. An increase in cavity dimension 
during isovolumic relaxation must represent a 
change in ventricular cavity shape and not the effect 
of filling, so both it, and also the delay in mitral valve 
opening with which it is associated, are likely to be 
the result of incoordination during early diastole. 
Although its mechanism is not clear, it appears that 
partial forms of this aspect of mcoordination do not 
exist, and that it is either present in fully developed 
form or absent altogether. By contrast, prolongation 
of isovolumic relaxation time not only behaved 
independently of these other two measures but also 
was continuously distributed, and so 1s likely to have 
some other mechanism. 'T'his distinction has practical 
importance, since the interval from minimum 
dimension to mitral valve opening has been used as a 
measure of isovolumic relaxation time, and has even 
been termed “isovolumic relaxation time index’’.”* 
Our results not only demonstrate that the two 
measurements behave independently in patients with 
left ventricular hypertrophy in whom this index has 
been used, but suggest that they may even have 
different underlying mechanisms. 

The basis of the apexcardiogram during diastole is 
known to depend mainly on left ventricular pres- 
sure. An increase in the relative height of the “‘a” 
wave is thus likely to reflect the combined effect of a 
larger atrial stroke volume and a stiffer left ven- 
tricular cavity. It was thus interesting that this 
relatively direct measurement proved so much more 
sensitive than the Doppler determination of relative 
blood velocity at the same time. This discrepancy 
emphasizes how little 1s known of what determines 
atrial flow rate. It 1s more a manifestation of atrial 
systolic rather than ventricular diastolic function. 
Flow velocity presumably increases only when some 
abnormal ventricular diastolic property acts as an 
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increase in atrial afterload, though how a change in 
atrial loading conditions affects its systolic function is 
not well understood. Our results make it unlikely that 
this intermediate factor is simply an increase in 
ventricular end diastolic pressure. Of the 
measurements with which it was interrelated, two— 
flow velocity decline and peak rate of dimension 
increase—were both measures of rapid filling, and on 
this basis it may be that the a/E ratio depends more on 
a low early diastolic flow velocity, with the increase 
during atrial systole being merely compensatory. 

Ventricular loading conditions greatly affect 
measurements of diastolic function, particularly 
relaxation.“ The question thus arises as to whether 
this load dependence could cause the discrepancies 
between measurements in individual patients. 
Though load dependence may modify the rate of 
relaxation, if relaxation rate itself is the only deter- 
minant of diastolic function, variation in loading 
could not explain discrepancies between methods 
unless it was actually altering at the time that 
measurements were made. Changes in loading can 
also alter individual and potentially independent 
measurements by a variety of other mechanisms. 
Isovolumic relaxation time shortens when left atrial 
pressure rises, though it is little affected by aortic 
pressure." Ventricular filling rate increases when 
atrioventricular pressure gradient rises," and an 
increase in left atrial pressure increases the promin- 
ence of the “a” wave on the apexcardiogram. Had 
loading e been a significant source of 
variance, therefore, correlation would have been 
expected between these three variables. Its cons- 
picuous absence suggests that other factors must be 
involved. 

Several conclusions can be drawn from these 
results about diastolic abnormalities of the left ven- 
tricle occurring in uncomplicated hypertrophy. In 
having two subgroups, incoordination differs fun- 
damental from the remainder of the variables 
which were continuously distributed. The overall 
sensitivity of the different measurements in detecting 
abnormalities varied widely, ranging from less 
than 50 to more than 90%. Finally, individual 
measurements appeared to associate themselves into 
four sets giving results that were independent of one 
another. Even at the present stage, therefore, our 
findings are incompatible with the original premise 
that all diastolic abnormalities reflect, to some 
degree, the severity of a single, scalar disturbance of 
left ventricular function, whatever its nature. Rather, 
they suggest the existence of a series of independent 
disturbances, present to varying degrees in 
individual patients. We suggest that they might be 
classified as follows: type 1 presenting as prolonga- 
tion of isovolumic relaxation time, which, in the 
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absence of abnormal loading conditions, is likely to 
be due to a reduction in the rate of ventricular 
pressure fall. Incoordinate wall motion or stress 
reduction during isovolumic relaxation is responsible 
for type 2 abnormalities, while type 3 disturbances 
reflect a reduced rate of rapid filling. T'ype 4, here 
represented by a relative increase in the height of the 
“a” wave on the apexcardiogram, is probably caused 
by increased passive stiffness of the ventricular 
cavity. Other abnormalities certainly exist within 
each group, and this classification allows for further 
independent mechanisms to be described. Future 
work should therefore be directed towards defining 
other abnormalities in greater detail and understand- 
ing when and why they occur. 
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Haemodynamic effects of short term intravenous 
amiodarone for hypertrophic cardiomyopathy 


ANGELO BRANZI, CLAUDIO RAPEZZI, PLACIDO M BENENATI, 
GIORGIO BINETTI, GIANCARLO PIOVACCARI, MIRKA BACCHI, 
RENZO RONCUZZI, ROMANO ZANNOLI, BRUNO MAGNANI 


From the Istituto di Malattie dell’ Apparato Cardiovascolare, Universita degli Studi di Bologna, Bologna, 
Italy 


SUMMARY The haemodynamic effects of an intravenous amiodarone infusion (5 mg/kg for 10 
minutes) were measured in ten patients with hypertrophic cardiomyopathy (two with a left 
ventricular outflow gradient at rest) five, 15, and 30 minutes after drug administration. Mean (SD) 
pulmonary capillary wedge pressure rose significantly at five and 15 minutes (from 12-3 (6-2) mm 
Hg to 17-6 (9-2) and to 16:2 (8:6)) with a subsequent tendency to fall to control values at 30 minutes. 
Mean right atrial and right ventricular end diastolic pressures increased from 3:6 (1-8) mm Hg to 
7:3 (3:1) and from 6:3 (2-4) to 9-8 (3:2) mm Hg respectively at 30 minutes. The increase in filling 
pressures was paralleled by a decrease of left ventricular max dP/dt from 1522 (414) to 1372 (327) to 
1316 (338) and to 1326 (379) five, 15, and 30 minutes after infusion. Despite this slight negative 
inotropic effect, cardiac index and stroke volume index were unchanged or slightly increased, 
possibly because of the decrease in systemic vascular resistance (from 1326 (330) dyn s cm ?/m' to 
1152 (285)). In both patients with outflow gradient the pressure gradient at rest decreased (from 


110 to 65 and from 85 to 65 mm Hg) through a reduction of left ventricular systolic pressure. 

'Thus short term intravenous infusion of amiodarone is safe in patients with hypertrophic 
cardiomyopathy. The main changes were a mild depression of ventricular contractility, which was 
well tolerated and adequately compensated for by a decrease in afterload. 


Over the past few years amiodarone has become 
widely accepted as a first line management of arr- 
hythmias in patients with hypertrophic car- 
diomyopathy."? Its haemodynamic action after 
intravenous administration has been extensively 
studied in patients with coronary artery disease** but 
no data are available on the short term effects in 
hypertrophic cardiomyopathy. Because the patho- 
physiology of hypertrophic cardiomyopathy is 
unique, the haemodynamic effects seen in other 
cardiac diseases may not necessarily be found in this 
disorder. For this reason we studied the haemody- 
namic effects of intravenous amiodarone in 10 
patients with hypertrophic cardiomyopathy. 


Patients and methods 


PATIENTS 
Ten patients (eight men and two women, aged 36 (13) 
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years (mean (SD)) (range 19 to 55 years)) were 
studied after giving their informed consent. They 
were the first ten patients referred to this hospital 
who were not already taking oral amiodarone when 
the study was planned. Only two patients had a left 
ventricular outflow gradient (110 and 85 mm Hg). 
Initial evaluation included 48 hours electrocar- 
diographic recording (Holter), which showed parox- 
ysmal atrial fibrillation or supraventricular tachycar- 
dia or both in six patients and runs of ventricular 
tachycardia in four. 

Table 1 summarises patient characteristics, 
predominant symptoms, New York Heart Associa- 
tion functional class, distribution and extent of left 
ventricular hypertrophy, and 48 hour Holter data. 
The distribution of left ventricular hypertrophy was 
classified according to Maron et al’ based on cross 
sectional echocardiographic findings. The presence 
or absence of systolic anterior movement of the mitral 
valve on the echocardiogram was noted. 


CATHETERISATION PROCEDURES 
All patients had standard right and left sided cardiac 
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Table 1 Patients characteristics 
Age Symptoms and Diutriburton Echo thickness (mm) Mann findings 

Patient (yr) Sex NYHA class of LVH* IVS LVPW SAM  on48h Holter 
1 55 M No,I Type HI 22 21 No PSVT, VE Lown III 
2 43 F Dyspnoea, IT Concentric 23 15 Yes PSVT, VE Lown III 
3 23 M Palpitation, II Type II 20 11 No Unsustained VT, PAF 
4 51 M , ITI Type III 35 11 Yes PSVT 
5 20 M No, I Type III 28 16 No Unsustuned VT 
6 40 F Palpitanon, II Type IV 12 11 Yes PSVT 
7 34 M Palpitation, II Type II 18 13 No PSVT, VE Lown III 
8 19 M Palpitation, II Type III 34 10 Yes PAF 
9 33 M oea, II Type HI 21 14 Yes Unsustained VT 

10 43 M Palpitation, II Typel 18 12 No Unsustained VT 


LVH, left ventricular hypertrophy; IVS, interventricular septum; LVPW, left ventricular posterior wall, SAM, systolic anterior movement; 
PSVT, paroxysmal supraventricular tachycardia; VE, ventricular extrasystoles, VT, ventricular tachycardia; PAF, paroxysmal atrial 


fibrillation. 
* According to Maron et al.” 


catheterisation without premedication after an over- 
night fast. A 7F Swan-Ganz thermodilution catheter 
was inserted percutaneously from the right femoral 
vein with its tip in a pulmonary artery and the 
proximal lumen in the right atrium. A 8F double 
lumen micromanometer tip Millar catheter was 
advanced from the right femoral artery in an arterial 
sheath to the body of the left ventricle. We ensured 
that entrapment, spurious gradient, or arrhythmias 
would not occur. Systemic arterial pressure was 
monitored from the side arm of the arterial sheath 
(8E) or from a second arterial line if the quality of the 
pressure wave from the sheath was unsatisfactory. 

Cardiac output was measured in triplicate by the 
thermodilution technique; heart rate (mean of six 
beats) and rhythm were recorded by the electrocar- 
diogram. 


MEASUREMENTS 

Reference 0 for pressure measurements was set at 
mud-chest level. The micromanometer was 
calibrated with the fluid filled system of the lumen of 
the Millar catheter itself. All pressure measurements 
were the mean of 5-10 consecutive beats. When we 
recorded pressure-derived contractility and relaxa- 
tion indexes, the patients were asked to hold their 
breath at mid-inspiration. We calculated the follow- 
ing variables from pressure and flow measurements: 
systemic vascular resistance (mean blood pressure/ 
cardiac output); pulmonary vascular resistance 
(mean pulmonary artery — pulmonary capillary 
wedge pressure/cardiac output); cardiac index (car- 
diac output/body surface area); stroke volume (car- 
diac output/heart rate); peak positive left ventricular 
pressure first time derivative (max dP/dt); peak 
negative dP/dt; and time constant of left ventricular 
pressure fall after the peak negative dP/dt (T). Left 
ventricular and pulmonary capillary wedge pressures 
were recorded at a paper speed of 200 mm/s and the 
left ventricular pressure values taken at 10 ms 


intervals from the peak negative dP/dt to the end of 
isovolumetric diastole determined by the point at 
which left ventricular pressure crosses the wedge 
pressure tracing and these data were fitted by the 
method of least squares to the function P = e**?, 
The time constant T equals 1/— A, where A is the 
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slope of In P plotted against time and expressed as s`. 


Study protocol 

Twenty minutes were allowed for stabilisation before 
we took a complete set of baseline measurements. 
Then amiodarone (5 mg/kg body weight) was infused 
over ten minutes. We used the commercially avail- 
able preparation (Cordarone) containing the diluent 
Tween 80. Haemodynamic measurements were 
repeated five, 15, and 30 minutes after the end of the 
injection. Cardiac output and the derived variables 
were only measured at 30 minutes. 


Statistical evaluation 

Statistical analysis was performed by Student's t test 
for paired data. A p value <0-05 was considered to be 
significant, Values are expressed as mean (1 SD). 


Results 


Table 2 shows individual and mean haemodynamic 
data. Figures 1, 2, and 3 show the individual changes 
in pulmonary capillary wedge pressure, left ven- 
tricular end diastolic pressure, max dP/dt, peak 
negative dP/dt, time constant T, cardiac index, 
stroke volume, and systemic vascular resistance. Five 
and 15 minutes after amiodarone pulmonary wedge 
pressure rose significantly whereas at 30 minutes 
there was tendency to return to control values (fig 1). 
In one of the two patients (fig 1) with a left ventricular 
outflow gradient, pulmonary capillary wedge pres- 
sure rose to 30 mm Hg at five and 15 minutes and 
returned to baseline value at 30 minutes in the 
absence of symptoms and clinical problems. 
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Table 2 Mean haemodynamic data obtained at baseline and after amiodarone infusion 


After amiodarone infusion 
Baseline 5 mn 15 mm 30 min 

HR (beats/min) 81:5(8.7) 83:3(6 4) 78 9(4-2) 79(3-3) 
RAMP 36(1:8) TKS Lee 
RVEDP 6 3(2-4) 9 8(3 2)** 
PAP 

Systolic 32(13) 37(10 9)** 35 5(13-1)* 34-5(13 6) 

Diastolic 15-7(7 3) 19 5(6 6)** 18-2(7-7)** 165 

Mean 18-5(9) 24 3(7 9)*** 22:5(7-8)** 21 6(8 zd 
PCWP 12 X62) Yr-6(9-2)** 16 2(8-6)* 14359 
LVSP 137(59) 129(46) 129(48 130(44) 
LVEDP 19 9(5 9) 22-4(6-3) 20 5(6 6) 20-3(6-4) 
AoP 

Systolic 117(27) nn 116(29) 119(25) 

Diastolic 74(9) 69(11)* 7112) 71(11) 

Mean 87(15) 83(19)* 86(20) 86(17) 
CI m^) 3(0 8) '3 3(0 6) 
SV1 (ml/m?) 38(11) 41(8 
SVR (dyn s cm^?|m^ 1325(330) 1156(280)* 
PVR (dyn s cm?/m?) 107(78) 117 
Peak positive dP/dt (mm Hg/s) 1522(414 1372(327)* 1316(338)** 1326(339)* 
Peak negative dP/dt (mm Hg/s) 1 428 1272(345) 1298(351) 1359(378) 
T (ms) 54 3(13:2) 64 6(17-4)* 57-2(14 7) 55-5(14 5) 


Values are mean (SD) and pressures are mm Hg 

HR, heart rate; RAMP, right atrial mean pressure, RVEDP, right ventricular end diastolic pressure, PAP, pulmonary arterial pressure; 
PCWP, capillary wedge pressure (mean); LVSP, left ventricular systolic pressure, LVEDP, left ventricular end diastolic 
pressure, AoP, aortic pressure; CI, cardiac index; SVI, stroke volume index; SVR, systemic vascular resistance; PVR, pulmonary vascular 


T is the time constant of the fall in left ventricular pressure 
*p<0 05, **0 01, ***0 001 (versus baseline). 
A table of results for individual patients ıs available from the authors. 
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Figl Effects of amodarone infusion on mean pulmonary capillary wedge pressure (PCWP), left ventricular end diastohc 
pressure (LVEDP), and left ventricular (LV) max dP/dt. Individual and mean (SD) values are shown at baseline (B) and 
five, 15, and 30 minutes after amiodarone infusion. The dotted lines identify the two patients with left ventricular outflow 
gradient at rest. *p<0-05 vs baseline value; **p< 0-01 vs baseline value. 
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Fig2 Effects of amiodarone infusion on cardiac index, stroke volume index, and systermc vascular resistance index (SVRI). 
Individual and mean ( SD) values are shown at baseline (B) and 30 minutes after amiodarone infusion, The dotted lines 
identify the two patients worth left ventricular outflow gradient at rest. 
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Fig3 Effects of amodarone infusion on left ventricular peak negative dP|dt ( — LV dP/dt max) and time constant (T) of 
the fall m left ventricular pressure. Indioidual and mean (SD) values are shown at baseline ( B) and five, 15, and 30 mnutes 
after amtodarone infusion. The dotted limes identify the two patients with left ventricular outflow gradient at rest. *p « 0 05 vs 
baseline. 
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There was a smaller and not statistically significant 
increase in left ventricular end diastolic pressure. 
The increase ın pulmonary wedge pressure was 
paralleled by a decrease in max dP/dt that remained 
statistically significant at 30 minutes. These results 
are consistent with a slight negative inotropic action 
of amiodarone. The finding that cardiac index and 
stroke volume were unchanged or increased slightly 
at 30 minutes, however, may be the result of the 
decrease in peripheral resistance (fig 2). In fact mean 
systemic vascular resistance was significantly 
reduced at 30 minutes. In five patients there was a 
decrease while in the other five there was no change 
or a minimal reduction (fig 2). Heart rate did not 
change significantly at any time. Mean right atrial 
pressure and the right ventricular end diastolic 
pressure were also increased. The time constant T 
rose significantly at five minutes, indicating a tran- 
sient reduction in relaxation. 


Discussion 


The management of cardiac arrhythmias is a major 
task in patients with hypertrophic cardiomyopathy. 
Oral treatment is the usual treatment but often 
intravenous administration may be required, for 
example in patients who are haemodynamically un- 
stable during the arrhythmic phases or in between 
them, and in whom immediate interruption of the 
arrhythmia or its prevention is important. 

Although amiodarone is an effective antiarrhyth- 
mic drug for patients with hypertrophic car- 
diomyopathy,'? it may take several days to reach 
therapeutic concentrations in the blood and suppres- 
sion of arrhythmia,’ even with a large oral loading 
dose. Intravenous bolus injection of amiodarone has 
been demonstrated to be effective in controlling 
various supraventricular and ventricular arrhyth- 
mias." Intravenous administration is usually fol- 
lowed by continuous infusion as a long term oral 
regimen ıs started. This approach shortens the 
loading period. 

The effect of long term oral amiodarone on left 
ventricular function in hypertrophic car- 
diomyopathy has been reported recently.'*'® Sugrue 
et al studied systolic and diastolic left ventricular 
function at rest with serial radionuclide angiograms 
and found that ejection fraction and left ventricular 
filling indices were not altered.” Paulus et al reported 
a negative effect on rest and exercise haemodynamic 
function with no effect on echocardiographic relaxa- 
tion indices." In that study the significant increase in 
left ventricular filling pressures at rest and the higher 
pulmonary capillary wedge pressures during exercise 
at identical workloads are consistent with a negative 
inotropic action of amiodarone 


Information on the haemodynamic effects of 
intravenous amiodarone has been obtained from 
studies on normal volunteers" * or patients with 
ischaemic heart disease*®’® or depressed left ven- 
tricular function of different causes? ? In these 
conditions intravenous amiodarone had both 
negative inotropic and peripheral vasodilatory 
effects. The consensus is, however, that the 
haemodynamic changes are a consequence of the 
combined effects of the drug and its diluent Tween 
80. Sicart et al compared the effects of amiodarone 
with solvent and pure Tween 80.” They concluded 
that the early vasodilatation was primarily but not 
exclusively caused by Tween 80, while the later 
reduction in contractility was caused by amiodarone 
itself. The effects induced by the diluent lasted only 
up to four minutes. Bellotti et al infused amiodarone 
not dissolved in Tween 80 into patients with conges- 
tive heart failure caused by chronic Chagas’s disease 
and found both a negative inotropic effect and a 
peripheral vasodilatation.” 

In the previously reported studies amiodarone was 
injected at doses of 5-10 mg/kg over periods of 1-5 
minutes, A more gradual intravenous administration 
of the drug has been advised to avoid the possible 
acute hypotension.” In the present study we 
increased the time of infusion to 10 minutes and 
started to measure the haemodynamic effect five 
minutes after the end of the infusion. The 
haemodynamic changes that we measured are 
therefore more hkely to reflect the action of the drug 
alone. 

In the present study the main effect of short term 
intravenous amiodarone was a mild depression of 
myocardial function. This was shown by an increase 
in right and left filling pressures and by a decrease in 
left ventricular max dP/dt. Simultaneous systemic 
vasodilatation, however, compensated for the effect 
on contractility and cardiac output was maintained. 
Despite the decrease in systemic vascular resistance, 
there was no reflex increase in heart rate. This finding 
can be explained by the drug’s properties of non- 
competitive blockade of both a and fi receptors.??* 
Left ventricular dP/dt is load dependent, so the 
observed reduction in this variable could have been 
caused by a reduction in systemic vascular resistance 
itself, unassociated with any reflex adrenergic re- 
sponse. A true decrease in contractility is, however, a 
more likely explanation because max dP/dt also fell in 
those patients who did not show any reduction of 
systemic vascular resistance. 

The two patients with left ventricular outflow 
gradient showed the same haemodynamic changes 
that were seen in the others: in both cases the gradient 
decreased because there was a moderate reduction of 
left ventricular systolic pressure. 


Haemodynamic effects of short term intravenous amiodarone for hypertrophic cardiomyopathy 451 


The ability of amiodarone to reduce the afterload 
seemed to be most relevant in determining the 
behaviour of the stroke volume. When the patients 
who showed a decrease in afterload (as reflected by 
systemic resistance or by the left ventricular outflow 
gradient) are considered separately from those in 
whom the afterload did not change, it can be seen that 
max dP/dt, pulmonary capillary wedge pressure, and 
left ventricular end diastolic pressure changed in the 
same direction or did not differ significantly in the 
two subgroups, while stroke volume increased only 
jn those patients who showed a decrease in afterload 
(fg 4). Since filling pressures also rose in these 
patients we believe that the reduction in afterload 
overcompensated for the reduction in contractility. 
This would imply an increase in left ventricular 
volumes. 

We interpreted the increase in filling pressures as a 
negative inotropic effect of amiodarone. This finding 
could also be explained by a reduction in ventricular 
compliance. Amiodarone did not modify the peak 
negative dP/dt but it did significantly increase the 
time constant of left ventricular pressure fall (T) at 
five minutes, which indicates a reduction in relaxa- 
tion (fig 3). This effect was transient and did not 
persist at 30 minutes when the simultaneous changes 
in stroke volume, systemic vascular resistance, con- 
tractility, and filling pressure were considered. 

The results of the present study indicate that short 
term intravenous amiodarone may be given safely to 
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Fig4 Change (mean ( SD)) ın left ventricular dP/dt max, 
left ventricular end diastolic pressure (LVEDP), pulmonary 
capillary wedge pressure (PCWP), and stroke volume index 
(SVI) 30 minutes after amodarone infusion as a percentage 
of baseline values. The patients are divided into two 
subgroups—those wth minimal (<5%) changes of systemic 
vascular resistance (that is afterload unchanged) and those 
with a reduction in systemic vascular resistance or tn left 
ventricular aortic pressure gradient (that 1s afterload 
decreased). 


patients with hypertrophic cardiomyopathy and that 
the main changes are a slight depression of cardiac 
function that is well tolerated and adequately com- 
pensated for by systemic vasodilatation. Transient 
reduction in compliance caused by impaired relaxa- 
tion cannot be excluded. The patients did not report 
any subjective side effects. 
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SUMMARY  Cryoablation of the accessory pathway was used in the management of 20 patients with 
pre-excitation syndromes. All patients had presented with paroxysmal atrioventricular reentrant 
tachycardia; in addition, six had experienced atrial fibrillation. In 16 patients pre-excitation was 
overt and in fouf the accessory pathway was concealed. Intraoperative epicardial and endocardial 
mapping showed 10 left free wall pathways, seven septal pathways, and four right free wall 
pathways. One patient had two right free wall accessory pathways. There was one postoperative 
death (from a ruptured cerebral haemangioma) and one patient had transient hemiparesis. There 
was early recurrence of arrhythmia or pre-excitation in six patients and five of these were among the 
first ten in the series. Four of the six underwent successful reoperation; 17 patients remain 
symptom free of all antiarrhythmic treatment. Two patients did not undergo reoperation—one 
became symptom free on drugs that had previously been ineffective and the other received an 
antitachycardia pacemaker. The mean period of follow up was six years. 

Accessory pathway function was not restored and atrioventricular nodal function was preserved 
in all patients, demonstrating the feasibility of this technique in the long term management of 


patients with the pre-excitation syndrome. 


Since surgical operation in patients with Wolff- 
Parkinson-White syndrome was first attempted in 
1967' and described definitively in 1968? various 
techniques of dissection or cryoablation have been 
used to ablate the accessory pathway.^* Ablation by 
endocardial dissection must be performed under 
induced cardiac arrest in the open heart. Cryosurgery 
may obviate the need for extensive endocardial 
dissection* and may, combined with dissection, be 
applied to the epicardium without necessarily 
opening the heart.’ 

We have used cryosurgery as the primary mode of 
ablation of accessory atrioventricular pathways since 
1977 and report our long term follow up as well as the 
immediate results. 
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Patients and methods 


Between 1977 and 1985 238 patients undergoing 
electrophysiological study were shown to have 
accessory atrioventricular pathways. Of these, 186 
were successfully treated medically, 13 had anti- 
tachycardia pacemakers implanted, and 19 required 
no treatment. Twenty patients (11 female, 9 male), 
aged 21—58 (mean 39) years had an operation (table). 
All had presented with paroxysmal orthodromic 
atrioventricular reentrant tachycardia. Six had also 
experienced paroxysmal atrial fibrillation with 
anterograde conduction across the accessory 
pathway and three of them had been resuscitated 
from ventricular fibrillation. In 16 pre-excitation was 
overt whereas in four it was concealed. Sustained 
orthodromic atrioventricular reentry tachycardia 
was inducible in all patients; one also had antidromic 
tachycardia. The indications for operation were 
failure of medical management in 13 patients with 
paroxysmal reentrant atrioventricular tachycardia, 
refusal of medical treatment in another, and atrial 
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Table Accessory pathway location and outcome in patients undergoing surgical cryoablation 








Arrhythmia Clinical Follow up 
Patent Age at operation Sex Pathway location recurrence Reoperation outcome (years) 
1 27 F Rught free wall (2) E - 1 102 
2 46 M Left posteroseptal - ew 1 101 
3 21 F Right posteroseptal + + 1 95 
4 36 M Right posteroseptal <i = 1 9:2 
5 47 F Left free wall - - 1 88 
6 40 F Left free wall + - 3 87 
7 58 F Left posteroseptal + n 2 86 
8 48 F Left Fee + + 1 85 
9 49 F Left free wall = - * 
10 40 F Left free wall + + 1 62 
1 49 M Right posteroseptal - = 1 ól 
12 36 M Left free wall = = 1 59 
13 4l M Left posteroseptal = = 1 46 
14 41 M Right free om = 1 39 
15 30 M Left free wall E = 1 28 
16 33 F Left freewall + + 1 27 
17 42 M Left free wall - = 1 23 
18 21 F Right posteroseptal = = 1 11 
19 38 M Right wail = = 1 11 
20 29 F Left free wall = = 1 10 


Clinical response 1, asymptomatic; 2, asymptomatic on previously ineffective medication, 3, no improvement 
*Died suddenly 24 hours after operation from rupture of a cerebral haemangioma 


fibrillation with rapid ventricular response in six. 
The 13 patients with atrioventricular tachycardia 
had received atrioventricular nodal blocking drugs as 
well as class I agents; the six patients with atrial 
fibrillation had also received class I agents and five 
had been given amiodarone, without success. 


ELECTROPHYSIOLOGICAL STUDY 
Electrophysiological study was carried out before 
and after surgery in all patients.’ Intraoperative 
electrophysiological mapping was carried out with 
atrial and ventricular reference electrodes and a hand 
held exploring electrode.’ Detailed and precise atrial 
and ventricular mapping was performed to deter- 
mine the pathway location. Electrophysiological 
study was repeated 6-10 days after operation. 


SURGICAL TECHNIQUE 

Cardiopulmonary bypass was started in the standard 
manner. All applications of the cryoprobe were made 
during continuous coronary perfusion without aortic 
cross clamping. 'Transient suppression of pre- 
excitation during temporary cryothermia was used to 
confirm the pathway location* (figs 1 and 2). 
Cryoablation was first performed epicardially at the 
site of earliest atrial and/or ventricular activation in 
the atrioventricular groove* for a maximum of five 
munutes. If this epicardial approach was unsuccessful 
the accessory pathway was located by endocardial 
mapping and the cryoprobe was applied. Right sided 
pathways were approached by a right atriotomy and 
those on the left side by opening the atrial septum 
through a right atriotomy. During this procedure 


temporary ventricular fibrillation was induced to 
prevent air embolism; when the mitral valve was 
made regurgitant and an aortic vent incision made 
the heart was defibrillated and endocardial mapping 
and ablation performed. A similar procedure, in 
reverse order, was undertaken during closure of the 
heart. 

In patients 1-8 single discrete cryolesions were 
used until accessory pathway conduction was 
abolished. From patient 9 onwards at least three 
contiguous lesions were made even if accessory 
pathway conduction was abolished by the first. 

Septal cryolesions were delivered while atrio- 
ventricular conduction was monitored, and cooling 
was stopped immediately atrioventricular block 
occurred. 


Results 


ELECTROPHYSIOLOGICAL MAPPING 
Intraoperative mapping confirmed the presence of an 
accessory atrioventricular connection in each patient 
and in one patient two right free wall pathways were 
found. 


SURGICAL RESULTS 

Two of the 10 left free wall pathways were ablated 
epicardially; one required additional dissection 
through the epicardial fat pad in the atrioventricular 
groove. In seven of the remaining eight, accessory 
pathway conduction was abolished by endocardial 
cryoablation. In the eighth, permanent interruption 
of the accessory pathway could not be achieved at the 
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Fig 1 During continuous atrial pacing (top) application of the cryoprobe to the site of the accessory pathway resulted in the 
disappearance of pre-excitation and conduction from atria to ventricles occurred across the atrioventricular node, with type 1 


second degree block. 
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Fig2 Removal of the cryoprobe and rewarming of the site of pre-excuation was followed by restoration of 1:1 


atrioventricular conduction across the accessory pathway. 


first operation despite both epicardial and 
endocardial freezing. At reoperation epicardial dis- 
section and cryoablation did not succeed but repeat 
endocardial freezing was effective. Of the four right 
free wall pathways, one was successfully ablated by 
the epicardial approach and the remainder were 
ablated endocardially. All seven posteroseptal 
pathways required endocardial cryoablation. In 
those with right free wall and posteroseptal accessory 
pathways, pre-excitation was absent at the end of the 
operation. 


POSTOPERATIVE ACCESSORY PATHWAY 
FUNCTION 

In five patients accessory pathway conduction was 
present either at the end of the operation (two cases) 
or recurred within 24 hours. Of the five, arrhythmia 
recurred early in three and prompt reoperation was 
successful in all. In the fourth, accessory pathway 
behaviour was unchanged after the operation 
although spontaneous arrhythmia did not recur until 
three months later; reoperation then was successful. 
In the fifth, electrophysiological testing showed 
impaired anterograde accessory pathway conduction 
and reoperation was not performed. Reentrant 


tachycardia recurred after three months and has been 
controlled successfully with an implanted anti- 
tachycardia pacemaker. 


POSTOPERATIVE COMPLICATIONS 
One patient died 24 hours after operation. À rup- 
tured cerebral haemangioma was found at necropsy. 
In another patient there was transient hemiparesis. 
In a third who had a septal accessory pathway there 
was transient complete atrioventricular nodal block 
which resolved within 10 days and has not recurred. 
Long term follow up has ranged from 1 to 10 years 
(mean 6). Tachycardia recurred in a further patient 
after three months: postoperative electro- 
physiological study had shown normal anterograde 
conduction and apparent abolition of the concealed 
accessory atrioventricular pathway. This patient 
remains free of arrhythmias on medications that had 
previously been unsuccessful. 


Discussion 
In the Wolff-Parkinson-White syndrome, arrhyth- 


mia may be troublesome and is sometimes life 
threatening.’ Not all patients respond to medications 
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and their long term use, even when successful, may 
be associated with adverse effects. More specifically, 
in patients with this syndrome a short anterograde 
effective refractory period of the accessory pathway is 
associated with a rapid ventricular response to atrial 
fibrillation which may induce 
fibrillation.’ 

Surgical operation may offer definitive cure of the 
pre-excitation syndrome, abolish the incidence of 
atrial fibrillation," and obviate the need for 
medication. The first definitive surgical interruption 
of an accessory pathway used atrioventricular dis- 
connection. This was superseded by the use of 
cryosurgery‘ which has undergone considerable 
modification. * Other techniques, notably endocar- 
dial dissection with or without cryoablation, are also 
successful ? and surgical operation is now used- 
extensively. '* The well substantiated success rate of 
the endocardial approach will also determine the 
method chosen by individual institutions.” 

Advantages of the cryosurgical technique include 
the production of a well demarcated area of damage? 
and the ability to interrupt conduction transiently 
before permanent ablation is performed (figs 1 and 
2). Although an open heart procedure with cardio- 
pulmonary bypass may sometimes be avoided" this 
will not be possible if other procedures, such as valve 
surgery, are required at the same time. 

Septal accessory pathways may present difficulties 
because of the proximity of the specialised conduc- 
tion system and, in the case of cryosurgery, the 


increased thickness of the atrioventricular tissue in ` 


this region. In this series, however, cryosurgery, in 
some cases from both sides of the septum, effectively 
ablated all seven septal pathways. 

In a recent study which included a general review, 
delta waves recurred in approximately 12% of 388 
patients, many of whom had required reoperation.” 
Antiarrhythmic treatment which had been unsuc- 
cessful before operation was often successful there- 
after. In six of our patients pre-excitation recurred. 
In five this was early, within 24 hours of operation; in 
four reoperation was carried out and was successful. 
In the fifth patient the presence of excessive adipose 
tissue on the epicardial and endocardial aspects of the 
atrioventricular groove made accurate localisation 
uncertain and effective cryoablation impossible. 
Limited endocardial dissection was also unsuccessful 
and reoperation was not advised. The sixth patient 
had recurrence of arrhythmia after three months 
despite apparently successful pathway ablation as 
judged at electrophysiological reinvestigation 10 
days after the operation. 

This relatively high frequency of recurrence 
probably reflects early experience with this tech- 
nique. Intraoperative mapping showed the pattern of 


ventricular - 
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pre-excitation and its participation in arrhythmia to 


' be the same as that during the. first operation, 


suggesting temporary damage to the accessory path- 
way rather than the presence of widely separated 
multiple bypass tracts." After the recurrence of 
arrhythmia in patient 8, in whom a single cryolesion 
was used at the first operation, at least three adjacent 
cryolesions were used. 

The length of follow up after surgery in these 
patients confirms the usefulness of this technique in 
the long term management of the pre-excitation 
syndrome. Most patients are well, require no treat- 
ment, and lead normal  hves. Technical 
improvements have led to better immediate results in 
the later patietits, but should pre-excitation recur 
early it can be controlled by reoperation with good 
expectation of the maintenance of normal atrioven- 
tricular conduction and abolition of the presenting 


arrhythmia. 
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SUMMARY Plasma concentrations of immunoreactive atrial natriuretic polypeptide were raised in 
22 of 23 patients with paroxysmal supraventricular tachycardia and in all seven patients with atrial 
flutter. Plasma concentrations of atrial natriuretic polypeptide rose soon after the onset of 
supraventricular tachycardia. A sample taken 30 minutes after reversion to sinus rhythm 
(pharmacological or non-pharmacological) showed a significant fall in 19 of the 23 patients with 
paroxysmal supraventricular tachycardia and all seven patients with atrial flutter. 

Because atrial natriuretic polypeptide has powerful natriuretic and diuretic properties, an 
increase may contribute considerably to the polyuria that is often associated with episodes of 


supraventricular tachycardia. 


Mammalian atrial tissue has been shown to contain 
secretory-like storage granules with characteristics 
similar to those of endocrine peptide secretory 
celis.!? These granules were shown to contain a 
polypeptide hormone, which is first synthesised as a 
151 amino acid prohormone.?* The prohormone is 
further processed to several smaller peptides, one of 
which is « natriuretic polypeptide, a 28 amino acid 
polypeptide with potent natriuretic, diuretic, and 
vasorelaxant properties.” 

The physiological role of atrial natriuretic 
polypeptide, or indeed any of the post-translational 
products, is unknown; however, there is a consider- 
able body of evidence to suggest that this peptide may 
help to maintain sodium ion and water balance and 
modulate the renin-angiotensin aldosterone system.* 
A major stimulus for the release of atrial natriuretic 
polypeptide into blood seems to be atrial distension 
produced by volume loading or increased dietary 
intake of sodium ion.’ ° 

Paroxysmal supraventricular tachycardias are 
often associated with considerable polyuria and 
reports of raised concentrations of plasma atrial 
natriuretic polypeptide in such patients suggest that 
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this substance may account for the combined diuresis 
and natriuresis.” 

We measured plasma concentrations of atrial 
natriuretic polypeptide before and after reversion to 
sinus rhythm in patients with paroxysmal supraven- 
tricular tachycardia and those with atrial fibrillation 
or flutter. 


Patients and methods 


PATIENTS 

This study was carried out within the guidelines set 
down by the National Health and Medical Research 
Council of Australia and was approved by the 
institute's human ethics advisory committee. 

We studied twenty three patients admitted to our 
casualty department with paroxysmal supraven- 
tricular tachycardia (18 women and 5 men, aged 17— 
81 (mean 53) years). Diagnosis was confirmed by 12 
lead electrocardiography which showed a regular, 
narrow QRS tachycardia in all 23 patients. Patients 
with acute or chronic congestive cardiac failure were 
specifically excluded. 

In addition, we studied seven patients (five men 
and two women (mean age 60) with atrial fibrillation 
or flutter and five control patients (three men and two 
women (mean age 50)) without arrhythmias who had 
had intravenous lines inserted in the casualty depart- 
ment for other indications. 

Renal function was assessed in all patients. Plasma 
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creatinine concentrations were within the normal 
range (0-06—-0-12 mmol/l) in all but two patients (0-14 
and 0-21 mmol/l). 

Fifteen patients were receiving concomitant 
medication when they were studied. This included a 
B blocker in one, fj blocker plus digoxin in two, 
digoxin alone in one, quinidine in two, verapamil in 
one, diuretic agents in three, theophylline in one, 
thyroxine in two, and non-steroidal anti- 
inflammatory drugs in two. 

A first blood sample was taken after insertion of a 
peripheral intravenous line and before attempted 
reversion and a second sample was taken 30 minutes 
after reversion to sinus rhythm. 


BLOOD COLLECTION AND RADIOIMMUNOASSAY 
OF ATRIAL NATRIURETIC POLYPEPTIDE IN 
PLASMA 

Blood collection and extraction 

Venous blood (10 ml) was collected into a chilled 
tube containing edetic acid and aprotinin (10 000 
units; Bayer, Australia). We took care to avoid 
haemolysis, which causes loss of immunoreactive 
atrial natriuretic polypeptide in plasma. Plasma was 
separated immediately by centrifugation, snap 
frozen, and stored at — 20°C until assay. 


Extraction of plasma 

Plasma (1 ml) was extracted overnight at 4°C with 
1:8 ml acidified ethanol (95: 5 parts of 95% ethanol: 
6 mol/l acetic acid) followed by centrifugation, and 
lyophilisation of the supernatant. The dried extract, 
equivalent to 1-0 ml of plasma, was reconstituted 
with 0-50 ml of assay buffer (radioimmunoassay 
section) and assaved for atrial natriuretic polypep- 
tide. 

'The efficiency of the extraction procedure was 
determined for each patient's sample by the addition 
of radiolabelled human « atrial natriuretic polypep- 
tide to a separate 1 ml volume of patient's plasma. 
This plasma was extracted as described above. After 
reconstitution in assay buffer (0.50 ml) a 200 yl 
volume was taken and its radioactive content 
measured and recovery was estimated. Recovery of 
radiolabelled human x atrial natriuretic polypeptide 
from plasma samples from both the controls and the 
patients was 78(6)?4 (mean (SEM)). 


Radioimmunoassay of atrial natriuretic polypeptide 

Assay buffer.—For all procedures in the assay we 
used 0-05 mol/l sodium phosphate buffered saline 
pH 7-4 containing aprotinin (250 U/ml), edetic acid 
(0-01 mol/L), 0-25 g ° bovine serum albumin (Sigma 
Chemical, radioimmunoassay grade), and 
thiomerosal (0.6 mmol) (Sigma Chemical, as a 
preservative). 
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Specificity and characterisation of antiserum, =- 
Antiserum to atrial natriuretic polypeptide 1-28 
was raised in sheep after conjugation of synthetic 
human a atrial natriuretic polypeptide 1-28 to 
bovine thyroglobulin (Sigma Chemical USA) with 
ethylcarbodiimide (Pierce Chemicals, USA). The 
antiserum cross reacted to an equal degree with 
atriopeptins I, II, III, but it did not cross react with 
cardiodilatin 1-16, angiotensin II, vasopressin, 
oxytocin, neuropeptide Y, somatostatin, fj endor- 
phin, leu and met enkephalins and dynorphins |~8 
and 1-13. 

We used the MK model extended least squares 
non-linear curve fitting program to analyse antibody 
binding affinity. T'wo binding sites were found: the 
first had a dissociation constant (Kd) of 37.58 pmol/l 
and affinity constant (Ka) of 2:7 x 10 l/pmol and the 
second a Kd of 122.5 pmol/l and Ka of 0-08 x 
10 l/umol. 





Radioimmunoassay was carried out in 10. x 75 mm 
borosilicate glass tubes under non-equilibrium 
conditions at 4°C. Duplicate volumes (0-20 mI) of the 
plasma extract were incubated with 100 yl of sheep 
antiserum to human x atrial natriuretic polypeptide 
(final concentration 1:6000), followed by a further 
two day incubation, after the addition of 100 ul of (3- 
[71] iodotyrosyl 28) x atrial natriuretic polypeptide 
(5000 counts/min equivalent to 1-2 pg tracer mass? 
(Amersham, Australia). Synthetic human « atrial 
natriuretic polypeptide was used to generate a stan- 
dard curve over the range 2-1000 pg/tube. 

Bound and free atrial natriuretic polypeptide were 
separated by the addition of 100 yl of carrier sheep 
serum (diluted 1:250) and 100 yl of donkey antisheep 
immunoglobulin serum (diluted 1:5) followed by 
incubation at room temperature for three hours and 
centrifugation. The pellet was counted in a NEN 
1600 gamma counter (Nuclear Enterprises). 
Standards were set up in triplicate in the presence of 
0:20 ml of an extract of charcoal stripped plasma 
(hormone free) so as to reproduce the assay condi- 
tions used for the patient plasma samples. Concen- 
tration of plasma atrial natriuretic polypeptide was 
determined from the standard curve, plotted as the 
logit-log of the ratio of bound counts of unknown to 
bound counts of the zero standard versus concentra- 
tion (pg/tube). The standard curve was linear over 
the range 10 to 600 pg/tube and the sensitivity of the 
assay was 2 pg/tube (2 from the mean + SD of the 
zero standard). The intra and inter assay variability 
were 8 and 15%, respectively. 

Characterisation of plasma atrial natriuretic 
polypeptide measured by radioimmunoassay.—Piasma 
samples collected before and after reversion were 
pooled separately, extracted as above, and the dried 
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extracts were analysed by high pressure liquid 
chromatography on a C18 reverse phase column and 
with an acetonitrile linear gradient elution profile. 
Analysis of the column eluant showed one major peak 
of immunoreactivity for both the plasma samples that 
coincided with the elution profile of the synthetic 
human x atrial natriuretic polypeptide (results not 
shown). 

The plasma extracts were further characterised by 
serial dilution experiments. Pooled extracts of 
plasma obtained before and after reversion diluted in 
parallel with the synthetic human z atrial natriuretic 
polypeptide standard (results not shown). 

Concentration of atrial natriuretic polypeptide in 
controls.—Atrial natriuretic polypeptide was 
measured in blood samples from 34 normotensive 
healthy volunteers (14 men, 20 women) with normal 
dietary intake of sodium and electrolyte status which 
were treated and extracted as described above. 
Subjects remained seated for 15 minutes before a 
blood sample was taken between 9 am and 10.30 am. 
The upper and lower limits of the normal range were 
70 pg/ml and 4 pg/ml respectively and no sex 
dependent differences were found (men 36 (14) pg/ 
ml, women 33 (16) pg/ml) (mean (SEM)). 
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Figl Plasma concentration (mean( SEM} } of atrial 


natriuretic polypeptide (ANP) (pg/ml) before and 30 
minutes after reversion in 23 patients with paroxysmal 
supraventricular tachycardia. The normal range ts also 
shown. 
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Results 


Figure 1 shows plasma concentrations of atrial 
natriuretic polypeptide before and after reversion to 
sinus rhythm in the 23 patients with paroxysmal 
supraventricular tachycardia. During paroxysmal 
supraventricular tachycardia 22 of 23 patients had 
atrial natriuretic polypeptide concentrations above 
the upper limit for normal subjects in this laboratory 
(70 pg/ml). In one patient plasma atrial natriuretic 
polypeptide was within the normal range and did not 
change after reversion. Paroxysmal supraventricular 
tachycardia was converted to sinus rhythm by 
intravenous verapamil (1-20 mg) in 16 patients, 
intravenous digoxin (250-500 yg) in one, vagal 
manoeuvres in three, or a combination of these in 
three. In 19 patients concentrations of plasma atrial 
natriuretic polypeptide fell 30 minutes after 
reversion, in five to within the normal range. The 
mean concentration of plasma atrial natriuretic 
polypeptide was 256 (43) pg/ml before reversion and 
120 (19) mg/ml 30 minutes after reversion 
(2p < 0-005 by paired Student's z test). The fall in 
the concentration of atrial natriuretic polypeptide 
seemed to be independent of the mode of reversion of 
paroxysmal supraventricular tachycardia. 

There was a weak inverse relation between the rate 
of paroxysmal supraventricular tachycardia (140— 
220 beats/min) and plasma concentrations of atrial 
natriuretic polypeptide (r = —0-45, p = 0-017 by 


300 


200 


Plasma 
ANP (pg/ml) 





Before 
156 (33) 


2p<0.01 After 


68 (22) 


Fig2 Plasma concentration ( mean( SEM ) ) of atrial 
natriuretic polypeptide (ANP) (pg/ml) before and 30 
minutes after reversion in seven patients with atrial 


fibrillation or flutter. The normal range is also shown. 
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Pearson’s test). The duration of paroxysmal 


supraventricular tachycardia (10 min-3 days) had. 


no apparent effect on plasma atrial natriuretic 
polypeptide concentrations; one patient had con- 


siderably raised plasma atrial natriuretic polypeptide . 


(84 pg/ml) with paroxysmal 
tachycardia lasting only 10 minutes. 

In the seven patients with atrial fibrillation or 
flutter, plasma concentrations of atrial natriuretic 
polypeptide were raised before reversion was 
attempted (156 (33) pg/ml) and fell after reversion 
(68 (22) pg/ml) (fig 2). 


supraventricular 


Discussion 


Our results show that patients with supraventricular 
tachycardia, particularly paroxysmal supraven- 
tricular tachycardia, and atrial fibrillation or flutter 
have considerably higher plasma concentrations of 
atrial natriuretic polypeptide than healthy controls. 
These results are consistent with earlier studies of 
small numbers of patients and animal studies.'*" 
Given that atrial natriuretic polypeptide has 
natriuretic and diuretic properties, the increase may 
account for the polyuria reported in patients with 
supraventricular tachycardias.? ?? Others have sug- 
gested that the polyuria may be caused by suppressed 
vasopressin release? 2; however, such a mechanism 
does not account for the striking natriuresis 
associated with this condition.? 

Plasma concentrations of atrial natriuretic 


polypeptide may rise early after the onset of | 


paroxysmal supraventricular tachycardia and remain 
raised for prolonged periods of tachycardia, indepen- 
dent of clinical indices of left ventricular failure. The 
weak inverse relation between the rate of paroxysmal 
supraventricular tachycardia and plasma concen- 
trations of atrial natriuretic polypeptide remains 
unexplained. One possible explanation is that the 
atrial cardiocyte becomes fatigued and supplies of 


atrial natriuretic polypeptide are exhausted. This ` 


would be an unusual phenomenon in endocrine cells 
but would be consistent with the fall in concen- 
trations of atrial natriuretic polypeptide during 
tachycardia in one of the patients with atrial flutter 
(119 pg/ml to 44 pg/ml) that occurred without a 
change in rate of tachycardia and before reversion 
was attempted. 

Although'atrial pressure increases in this type of 
tachycardia and may act as the stimulus for secretion 
of atrial natriuretic polypeptide," alternative intrin- 
sic mechanism(s) associated with the arrhythmias 
could also mediate release of atrial natriuretic 
polypeptide. Further studies will be required to 
elucidate the mechanism(s) responsible. 

In conclusion, supraventricular tachycardia (and 
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paroxysmal supraventricular tachycardia in 
particular) are associated with raised concentrations 
of plasma atrial natriuretic polypeptide that fall 
rapidly and apparently independently of the mode of 
reversion whether this is pharmacological or non- 


_ pharmacological. 


We thank Dr R Murphy for high pressure liquid 
chromatography analysis, This work was carried out 
with part support from the National Health and 
Medical Research Council of Australia. 
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SUMMARY A cadmium telluride nuclear probe with an Elscint gamma camera was used to detect 
and measure left to right intracardiac shunts at the bedside in 34 patients. Fifteen also had right 
heart catheterisation and oximetric measurement of the shunt. For the nuclear technique 740 MBq 
(20 mCi) of technetium-99m pertechnetate was injected into the right antecubital vein and the 
pulmonary to systemic flow ratio (QP:QS) was measured by the gamma variate technique. Data 
were not obtained in four patients because the nuclear probe failed in three patients and one storage 
disc was corrupted. Data from the gamma camera were lost in another patient. When the size of the 
shunt measured by the nuclear probe was compared with that measured by the oximetric technique 
the mean difference (SD of mean difference) was 0:36 (SD 0-78) and when it was compared with the 
gamma camera it was 0-08 (SD 0-67). Analysis of scatter plots showed that the larger the shunt, the 
larger the discrepancy. Twenty four of 29 data sets showed complete agreement between the 
nuclear probe and gamma camera on the size of the shunt. Any differences were small. 

"These data indicate that left to right intracardiac shunts may be measured accurately by a nuclear 


probe at the bedside in either the coronary care unit or outpatient department. 


A method for detecting and measuring left to right 
intracardiac shunts at the bedside would be useful. It 
could rapidly confirm the clinical diagnosis of 
suspected rupture of the interventricular septum in 
outpatients and in the coronary care unit. 

Earlier studies have shown good agreement be- 
tween the results of a radionuclide technique and 
oximetry’ and some believe that the radionuclide 
technique is more accurate.* We have compared the 
estimates of intracardiac shunts measured by a 
gamma camera and by a miniaturised cadmium 
telluride nuclear probe with those of standard 
oximetry. 


Patients and methods 


'To test the discriminatory function of the radio- 
nuclide technique we studied 28 patients (mean 
(range) age 38 (14—72)) with suspected left to right 
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shunts and a further six with either impaired left 
ventricular function or mitral regurgitation. Fifteen 
patients 1n whom clinically significant shunts were 
suspected also had right heart catheterisation and 
oximetric measurement of the shunt. 

Two experienced consultant radiologists indepen- 
dently reported on the size of the shunts from 
standard chest x rays and graded the size of the shunt 
(A = no shunt; B = QP:QS <2:1; and C = QP:QS 
> 2:1). 


RADIONUCLIDE TECHNIQUE 

A first pass radionuclide angiogram was acquired in 
the anterior projection simultaneously for both the 
gamma camera and nuclear probe. Data were collec- 
ted in list mode by an Elscint gamma camera linked to 
a PDP 11 computer. Two miniaturised cadmium 
telluride detectors were positioned on the anterior 
chest wall and the patient was positioned under the 
gamma camera. One nuclear probe was located over 
the clavicular region to indicate the compactness of 
the bolus at the superior vena cava and the other was 
positioned over the right lung to detect a left to right 
shunt, which is shown by a prolongation of the 
normal time activity curve. During the study we 
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found it necessary to provide additional collimation 
for these probes to prevent pick up of activity in 
adjacent areas (for example the superior vena cava 
and aorta). 

These probes were connected to a solid state 
memory recorder (Memolog ~ 500, Novo Diagnos- 
tics). 'The data were later transferred to the PDP 11 
computer, which was used to calculate the size of the 
shunt. The patient's red cells were prepared for in 
vivo labelling by a preliminary intravenous injection 
of (inactive) pyrophosphate and stannous ion. 
'Twenty minutes later, 740 MBq (20 mCi) of tech- 
netium-99m pertechnetate was injected into the right 
antecubital vein. The nuclear probe would require 
150 MBq (4 mCi) of technetium-99m when used 
alone. 

Early in the study the bolus was injected through a 
18G Venflon. Because some of the injections gave a 
fractionated bolus the injection technique was 
modified. The Venflon was connected to a short 
length of clear tubing which was connected to a 
three-way tap. A 1 ml syringe containing 99m Tc was 
connected to the side arm and a 50 ml syringe of 
saline was connected to the other. The three-way tap 
and tubing were loaded with saline. The dose of 
technetium, marked on both sides by a small air 
bubble, was advanced into the clear tubing and on 
into the Venflon by means of the saline syringe. This 
bolus was then injected rapidly into the antecubital 
vein. This method gave a good non-fractionated 
bolus in most patients. 

The time-activity curves from both systems were 
analysed by the same method. A time-activity curve 
from the superior venacaval region of interest was 
used to check that the bolus was not fractionated. 
The gamma camera was used to image the superior 
vena cava and a region of interest over the right lung 
was entered visually, whereas with the nuclear 
probes this information was taken directly from the 
detectors. If the time-activity curve from a region of 
interest over the right lung was acceptable it was 
analysed by gamma variate fits.2> Where the bolus 
was attenuated we used deconvolution analysis*’ to 
correct the lung time-activity curve before the shunt 
was calculated. 

We used the same software (Gamma 11) for 
gamma variate fitting for data from both the gamma 
camera and the nuclear probe, which were both 
written to a file on disc in the same format. 


OXIMETRIC TECHNIQUE 

During right heart catheterisation paired blood sam- 
ples were taken from the inferior vena cava, low, mid, 
and high right atrium, superior vena cava, apex, mid, 
portion, and outflow of the right ventricle, and main 
pulmonary artery. An arterial sample was obtained 
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from a femoral needle puncture. The samples were 
taken in rapid sequence once the patient was con- 
sidered to be physiologically stable. The oxygen 
saturation was measured with a  reflectance 
oximeter.*® The pulmonary to systemic flow was 
calculated by the formula: 


QP _  systemicarterial So; — mixed venous So; 





QS pulmonary venous So, — pulmonary arterial So; 


where So, is the oxygen saturation. The mixed 
venous oxygen saturation was estimated from satura- 
tion in the superior vena cava (SVC) and inferior 
vena cava (IVC) by the formula”: 


3 x SVC So, + IVC So; 
4 








Mixed venous So; 


DATA ANALYSIS 

'The calculated pulmonary to systemic flow ratios 
calculated by both techniques were compared by 
constructing scatter plots and calculating the 
standard deviation about the mean difference. 
Correlation coefficients were not calculated because 
according to Altman and Bland they are not 
appropriate in method comparison studies.! Only 
the lines of identity are shown in the figures. The 
important question is how well the two measures 
agree? We calculated the difference between the two 
measurements for each subject. The mean of these 
differences is a measure of the accuracy (bias) and the 
standard deviation is a measure of precision. The size 
of the shunt was graded arbitrarily: 1 = no shunt; 2 
= QP:QS from 1-3:1 to 1-5:1;3 = QP:QS from 1-6:1 
to 2:1; and 4 = >2:1. 

To compare shunt size as graded by the radiolog- 
ists and by the nuclear techniques the arbitrary 
grading was transformed to that used by the 
radiologists. This change was used solely to compare 
the shunt sizes as graded by the radiologists with the 
sizes given by nuclear techniques. 


Results 


Thirty four patients were recruited into the study. 

Four data sets were rejected—three because of failure 

of the nuclear probe and another patient’s data were 

lost when the storage disc was corrupted and one 
patient’s data lost from the gamma camera because of. 
technical problems. This left 29 data sets for compar- 
ison of the nuclear probe and gamma camera and 30 
data sets for the comparison of the nuclear probe and 
radiologists. 

The size of the shunt as estimated by the nuclear 
probe and gamma camera showed complete accord in 
24 patients and discord in five patients (table 1). 
When the nuclear probe was compared with 
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Table} Concordance of size of shunt 
Complete agreement Disagresment (by 1 grade) Disagreement (by 2 grades) 
Gamma camera vs nuclear probe 24 5 — 
Nuclear probe os oximetry 11 4 — 
Gamma camera vs oximetry 8 6 — 
Nuclear probe vs first radiologist 11 16 — 
Nuclear probe vs second radiologist 14 13° 3 
Radiologist 1 vs radiologist 2 17 9 4 


One set of data from the gamma camera was lost. This set came from one of the patients who underwent right heart catheterisation with 


oximetry. 


oximetry there was complete concordance in 11 
patients and minor variation in four patients (table 1). 
For the comparison of the gamma camera and 
oximetry the figures were eight and six respectively. 
There was some discordence between each radiol- 
ogist but there was greater discordence between each 
radiologist and the nuclear probe (table 1). 

The individual values for agreement for various 
comparisons are shown in the scatter plots and 
frequency histograms (figs 1-3). Table 2 shows the 
mean of differences between the methods and their 
respective standard deviations. 


-3.5.3 -25.2 -15 1-0-5 0 0-49.914 1:9 2-4 29 3-4 





Nuclear probe 


Fig 1 Scatter plot and frequency histogram of the nuclear 
probe and gamma camera. (The line drawn is the line of 
identity.) The histogram represents the differences in shunt 
size between the two methods. The figures on the x and y axes 
indicate the shunt size. Where data points overlap by one or 
more points on the scatter plot the numbers of points are 
given. 


Generally there was a good agreement between the 
nuclear probe and standard gamma camera and 
between each isotopic method and oximetry. The 
larger the size of the shunt the greater the scatter of 
the data. This does not, however, affect clinical 
interpretation of the size of the shunt. 


Discussion 


The results reported in this study confirm the close 
agreement in the size of left to right shunts measured 
by the standard gamma camera and by the oximetric 
method, They also demonstrate that the cadmium 
telluride miniaturised nuclear probe provides 
estimates of shunt size that agree with the gamma 
camera and with the oximetric methods. During the 
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Fig2 Scatter plot and frequency histogram of oxametry and 
the nuclear probe. ( Details of layout as for fig 1.) 
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Fig3 Scatter plot and frequency histogram of oximetry and 
the gamma camera ( Details of layout as for fig 1.) 


study there were a few minor changes to the tech- 
nique. The injection of the bolus was improved as 
was collimation of the cadmium telluride crystal. 
These changes assisted processing by producing 
better curves but did not affect the final results. The 
size of the differences between the nuclear data and 
oximetric data was similar at the beginning and end 
of the study as were the differences between the 
nuclear probe and gamma camera. The nuclear 
probe, when used alone, needs only a quarter of the 
dose of radiopharmaceutical required for the gamma 
camera. 

It was instructive to note the variation in shunt size 
as estimated by two experienced radiologists. We 
conclude that radiology is therefore at best a very 


Table2 Mean (SD) shunt size for between-method 
comparisons 





Mean SD of 
difference difference 
Nuclear probe vs gamma camera 008 067 
(n = 29) 
Nuclear probe vs oximetry 036 078 
(n = 15) 
Gamma camera vs oximetry 0-53 095 
(n = 14) 


p 
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rough guide to the clinical significance of the shunt 
size. 

The cadmium telluride miniature probe can be 
used to detect left to right shunts and to estimate the 
size of the shunt. In most patients the results of the 
nuclear probe and gamma camera methods agreed on 
the size of the shunt (large, moderate, or small). The 
nuclear probe can therefore be regarded as a useful 
clinical tool. The nuclear technique becomes less 
accurate in three situations. It cannot be used to 
measure right to left shunts because it works on the 
principle of measuring the increased pulmonary 
transit time which does not occur in this situation. 
The time-activity curves, from which the shunt is 
calculated, may also be prolonged in severe left 
ventricular dysfunction and in pronounced mitral 
valve regurgitation, making estimation of the shunt 
size unreliable; however, we found no evidence of 
this effect in our data. 

In many units the demand for the gamma camera is 
high. The cadmium telluride miniature detectors can 
provide useful data at a much lower cost than the 
gamma camera, and although no pictures are avail- 
able the miniature detectors are easily portable and 
may be interfaced with a small microcomputer. This 
technique can be used in both the coronary care unit 
and the outpatient department. 'The nuclear tech- 
nique complements cross sectional echocardiogra- 
phy, which will determine the site of the shunt. 
Ginzton et al showed that the combination of con- 
trast cross sectional echocardiography and radionu- 
clide shunt detection led to a proper diagnostic and 

"therapeutic decision in 24 of 25 patients.” 

We consider that the nuclear probe is a useful 
investigative tool in the determination of the pul- 
monary systemic flow ratio in patients with left to 
right intracardiac shunts. 
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Intermediate to late term results of Mustard’s 
procedure for complete transposition of the great 
arteries with an intact ventricular septum 
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RHANDERSON,* MLRIGBY,* RA SHINEBOURNE,* CLINCOLNT 


From the Departments of *Paediatrics and t Surgery, Brompton Hospital, Cardiothoracic Institute, London 


SUMMARY Overall survival after Mustard's operation was assessed in 130 patients with complete 
transposition of the great arteries and an intact ventricular septum who were operated on at the 
Brompton Hospital in the 12 year period from January 1974 to December 1985. Actuarial analysis 
showed a survival at five years of 79-1% (25 deaths in 130 patients). Half the deaths occurred within 
amonth of operation and half up to five years later. Operation under the age of three months carried 
a greater mortality (six deaths in 11 patients). Statistical analysis showed that these survival figures 
were consistent throughout the series and did not alter with the year of operation. 

In the light of recent trends in treatment of this lesion, it is concluded that for neonates an arterial 
switch procedure is now likely to carry the best chance of long term success. For the patient who 
presents after the age of three months, however, there may still be a place for the Mustard 


procedure. 


Debate continues about the optimal surgical treat- 
ment for complete transposition of the great arteries 
with an intact ventricular septum. In many centres 
atrial redirection procedures (Senning or Mustard 
operation) have an acceptably low mortality.? The 
complications of these operations can be minimised 
by careful attention to operative detail.** In contrast, 
the operative mortality of the more recently 
introduced arterial switch procedure (which 
produces a more anatomically correct repair) was 
higher in the early reported- series. It has now, 
however, been demonstrated that the overall results 
of the arterial approach can match or even surpass 
those of atrial redirection.‘ 

When assessing the merits of these two procedures 
we must consider both their short terrn and long term 
outcome. Such analysis 1s possible for the atrial 
redirection procedure, but long term analysis is not 
as yet possible for the arterial switch procedure. To 
provide information on atrial redirection we have 
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studied the immediate to late results of the Mustard 
operation by examining the records of 130 patients 
with complete transposition of the great arteries and 
an intact ventricular septum who were operated on 
by one surgeon at the Brompton Hospital over a 12 
year period. 


Patients and methods 


Between January 1974 and December 1985, 136 
patients born in Great Britain and attending the 
Brompton Hospital had a Mustard operation for 
complete transposition of the great arteries (concor- 
dant atrioventricular and discordant ventriculoar- 
terial connections) with intact (or virtually intact) 
ventricular septation (any ventricular septal defect 
present was considered to be too small to warrant 
closure). All the patients with this abnormality who 
were referred to our hospital during this period were 
routinely followed up as outpatients at the Brompton 
Hospital, at Our Lady Hospital for Sick Children, 
Dublin, or at their referring hospital. Letters indicat- 
ing the progress and health of the patient were sent to 
the consultants at the Brompton Hospital if the child 
was not followed up there. The notes of 130 of these 
patients: were examined retrospectively. Six sets of 
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notes could not be traced because of loss. Follow up 
in the studied patients was complete. 

We recorded the age and'sex of the patient, the year 
of operation, the source of referral (United Kingdom 
or Ireland), the cardiopulmonary bypass technique, 
whether or not profound hypothermia was used with 
circulatory arrest, the type of atrial baffle, the 
presence of either preoperative or postoperative 
rhythm problems or both, the presence of associated 
abnormalities, and the need for reoperation. 

The quality of life was not assessed because this 
was considered inappropriate in a’ retrospective 
study. We are currently assessing this aspect by 
prospective objective (including formal exercise test- 
ing) and subjective tests. 

Ninety patients were referred from hospitals in the 
United Kingdom and 40 from centres in Ireland. 
The age range was 3 days to 9 years 8 months with a 
mean age of 1 year 5 months. There were 97 boys and 
33 girls. Circulatory arrest was used in 48 children 
during their operation while 82 had cardiopulmonary 
bypass. The baffle was made of dura mater in 24 


cases, of Dacron in 68 cases, of bovine pericardium in ' 


23, and of Teflon in one. In 14 cases, the type of baffle 
material used was not recorded in the notes. 

Twenty four children had persistent patency of the 
arterial duct, 17 had left ventricular outflow trace 
obstruction of various types, nine had haemodyn- 
amically insignificant defects of the ventricular sep- 
tum (which were not closed at surgery), two had 
aortic coarctation, and one patient had stenosis of the 
pulmonary valve. 

"The data were analysed and survival curves were 
plotted by actuarial methods.’ The survival curves 
were compared and prognostic factors were 
examined by.the log rank tést* and Cox? models. 


Results’ f 

Table 1 shows the age of operation and cumulative 
mortality for the 130 patients on whom follow up data 
were available. Twenty five (1995) of the 130 patients 
died. The death rate was significantly higher in 


Table1 Mortality related to age at operation* 





Deaths 

Age at u No of Overall 
operation patents Barly Late (95) 
0-3 months 11 5 1 55 

3 months-1 year 45 1 6 16 

1-2 years 51 6 3 18 

2-5 years 22 H 2 14 
5-10 years ` 3 0 0 0 
Total G 130 13 12 19 


a 
*Later in the senes younger patients will have shorter periods of 
follow up. -. 

“Early” death refers to those within 30 days of operation 
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children aged less than three months at the time of 
operation (fig 1 and 2). Analysis of the other variables 
and possible risk factors listed in the methods section 
showed that no other feature was significantly 
associated with length of survival. Trends were 
demonstrated with some variables but for the num- 
bers of patients analysed none of the observed trends 
was statistically significant. 

Six of the 24 children with a patent arterial duct 
died. Three of the 17 children with obstruction of the 
left ventricular outflow tract also died, although the 
gradients in these three were not significantly greater 
than the values for this overall subset. All those with 
an associated but haemodynamically insignificant 
ventricular septal defect, coarctation, or pulmonary 
valve stenosis survived operation. Thirteen patients 
had a second operation because of obstruction of the 
superior caval vein in five, pulmonary venous obs- 
truction in four, inferior caval venous obstruction in 
three, and dehiscence of the patch around the suture 
line in the other. Four of these children died; three 
had been operated on because of presumed pulmon- 
ary venous obstruction. Two of these children were 
shown not to have pulmonary venous obstruction. In 
both the high pulmonary arterial pressure measured 
preoperatively reflected pulmonary vascular disease 
rather than obstruction. The distinction between the 
two conditions at catheterisation rests on the pul- 
monary arterial wedge pressure. This should be low 
in the setting of pulmonary vascular disease whereas, 
with venous obstruction, the pressure is high. Unfor- 
tunately, it is difficult to obtain true wedge (that is, 
pulmonary venous atrial) pressures in patients with 
pulmonary vascular disease. Because of this, a recor- 
ded high wedge pressure may not distinguish bet- 
ween pulmonary vascular disease and obstruction. 
The fourth death occurred in the perioperative 
period in a child who had thrombosis of the superior 
vena cava (see table 2). 

Table 3 shows the time after the first operation 
until death. Half the group died within a month of 
operation and half more than one month after 
operation—deaths occurred up to five years after 


Table 2 Reasons for reoperation and results of reoperation 








Indication for No of 

reoperation panents Deaths Cause of death 

SCV obstruction 5 1 Thrombosis in 
SCV 

Pulmonary venous 4 3 Pulmonary 

' obstruction vascular 

disease in two 

ICV obstruction 3 - 

Patch dehiscence 1 - 

Total 2038 4 


pn-———————————————À 
.SCV, superior caval vein (vena cava), ICV, inferior caval vein 


(vena cava), 
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Figl Actuarial survival curve for the overall population. The stippled area shows the 70% confidence interval. 
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100 >3 months n=119 
$3 months n=11 





2 3 
Years from operation 


Fig 2 Actuarial survival curves for the groups of patients aged over three months (n= 119) or less than three months 
(n= 11) at repair. The shaded areas show the 70% confidence intervals. 
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Table 3 Time until death after first operation 








Age at operation 48 h 2 days-1 mnih I mnth-1 yr 1-2 yr »2yr 

3 mnth 4 1 - - i* 6 
3 mnth-12 mnth 1 - 2 2* 2 7 
12 mnth-24 mnth 2 4* } - 2 9 
2-5 yr 1 - 1 - l 3 
Total 8 5 4 2 6 28 


*Death caused by pulmonary vascular disease (one child in each case). 


operation. Table 4 shows the causes of death (where 
they could be determined). Of the 11 children dying 
with low cardiac output, seven were known to have 
had postoperative arrhythmias. Four children had 
nodal rhythm (one of these was also in renal failure), 
two had periods of supraventricular tachycardia, and 
one was known to have atrial fibrillation. The other 
four children were in sinus rhythm. As stated 
previously all three children with pulmonary vas- 
cular disease died within two and a half years of 
operation; in one patient who died the Mustard 
procedure had been carried out as early as 11 weeks of 
age. 

Necropsies on two children showed pulmonary 
venous obstruction (one five months and the other 
three years after operation). Neither of these children 
had had a second operation and, hence, are not 
included in table 3. Another child died of cerebral 
damage within two months of operation. Two chil- 
dren died suddenly. Death occurred 10 months after 
operation in the first and necropsy showed venous 
obstruction of the inferior vena cava. The other child 
had been treated for arrhythmias that developed 
nearly three years after operation. Electrocar- 
diograms showed atrial flutter with 3:1 atrioven- 
tricular conduction. Direct current cardioversion 
and antiarrhythmic agents were used to control the 


Table4 Cause of death 








Known cause of death No — Time after operation 
Low cardiac output/ 1 10 within 7 days, 1 at 1 mnth 
cardiac arrest 
Pulmonary vascular disease 3 18-30 mnth 
Respiratory infections 3 2-5 yr 
Pulmonary venous 2 5 mnth and 3 yr 
obstruction 
Cerebral damage after 1 2 mnth 
operation 
‘Thrombosis in superior 1 1 week 
caval vein (vena cava) 
Sudden death, obstruction 1 10 mnth 
of inferior caval vein 
(vena cava) 
Sudden death, arrhythmias 1 2 yr 8 mnth 
Gastroenteritis 1 3 mnth 
In postoperative period 1 
after an oesophageal 
operation 
Total 25 





arrhythmias but the child died suddenly two months 
after their onset. 

Five children died after operation from causes not 
directly attributable to their cardiovascular state. 
Three died of respiratory infections between two and 
five years after operation. No other cause of death was 
known. One child died of gastroenteritis three 
months after operation and another died in the 
perioperative period after an oesophageal operation 
two years after the Mustard operation. 





Discussion 


There are protagonists for both the atrial ^ and the 
arterial " approaches for management of children 
with complete transposition of the great arteries with 
an intact ventricular septum. The best results pub- 
lished for each operation lend strong support to both 
viewpoints. As always, hospital rather than popula- 
tion based series raise the question of case selection. 
Do the surgical results of the given hospital forecast 
that were all the patients in the population with a 
particular anomaly to be operated on at that hospital 
similar results would be obtained? The surgical 
results in any centre will be improved if the sickest 
patients do not survive to reach hospital. For this 
reason, results for patients treated in one hospital 
may not be directly comparable with those in 
another. With these caveats in mind, each unit must 
try to determine the optimal treatment for complete 
transposition and intact ventricular septum on the 
basis of its own results, while taking note of results at 
other centres. In this study we have attempted to look 
critically at our own results for interatrial repair of 
complete transposition. 

The overall five year actuarial survival was 79%, 
(7094 confidence interval 68°, to 874). Fur ther 
analysis indicated that those who were less than three 
months old when they were operated on had a 
significantly worse five year actuarial survival (45°. 
(7094 confidence interval 21%, to 7295)) than those 
operated on when they were older (829 (7€ 
confidence interval 70°, to 9095»). In all those who 
were less than three months at operation, operation 
was not undertaken electively. The indications were 
either failure to thrive or else persistently severe 
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cyanosis with or without metabolic acidosis. It may 
well be that had atrial redirection been performed 
electively at an earlier age these results could have 
been improved. Against this must be set the results of 
other series! which have shown young age to be a 
risk factor for atrial redirection, albeit with the age 
cut off at one month rather than three months as in 
our series. 

Can we now use this data to plan a protocol for the 
future management of patients referred to our centre 
with complete transposition and intact ventricular 
septum? For neonates it is difficult on the basis of our 
experience to counter the excellent results obtained 
in selected centres for the arterial switch procedures.^ 
Bearing in mind the caveats discussed above, and also 
the lack of long term follow up for the arterial 
procedure (which cannot be overemphasised), it still 
seems that the arterial switch procedure will offer a 
better chance of long term survival for the neonate 
than the Mustard operation. This view is reinforced 
by finding that in our own centre 23 (18",) patients 
who had balloon atrial septostomy died before 
correction of the defect could be attempted." 

Nevertheless, our experience is limited to the 
Mustard variant of complete transposition. It could 
well be argued that the Senning operation, which is 
said to overcome the problems of venous obstruction 
and, possibly, rhythm disturbances, could improve 
the long term outcome of the redirection procedure. 
So far follow up after the Senning operation is also 
limited and as yet we see no compelling evidence to 
persuade us to change from one to the other atrial 
redirection procedure. We believe that for the neon- 
ate with complete transposition and intact ven- 
tricular septum the arterial switch procedure carries 
the better chance of success in our centre. Our own 
initial results with this approach" bear out this 
viewpoint, as do those from some other centres." '* 

But what of the patient referred after the neonatal 
period? Such patients continue to reach our wards. 
Here the solution is not nearly so clear cut. 
Preparative surgery would be required in such 
patients to make the arterial procedure a realistic 
alternative. The risks of these palliative procedures 
have not been analysed in the same depth as those for 
the arterial switch performed during the neonatal 
period. In this latter group, therefore, particularly 
those above the age of three months, we recommend 
the Mustard procedure. More rigorous analysis of 
the two stage arterial switch procedures may lead us 
to revise our opinion. 

It was noteworthy that one child in our study 
developed pulmonary vascular disease and died des- 
pite having an operation at 11 weeks of age. It is 
known that high pulmonary vascular resistance 
(above 8 units/m^) greatly increases the risk of 


Darvell, Rossi, Rossi, Fayers, Anderson, Rigby, Shinebourne, Lincoln 


Mustard's operation with intact ventricular septum. 
We have not, however, found other published 
reports of pulmonary vascular diseases progressing 
in children with simple complete transposition who 
had the Mustard operation before they were three 
months old,” The occurrence of such changes in even 
one patient in our series strongly supports the trend 
for earlier correction promoted by the use of the 
arterial switch procedure during the neonatal period. 


We thank Professor Connor Ward of Dublin, who 
referred many patients for operation and made 
available their follow up data, and Dr Janet Darby- 
shire of the Medical Research Council external staff 
who gave valuable advice during the design of the 
study. 
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Doubly committed subarterial ventricular septal 
defect: new morphological criteria with 
echocardiographic and angiocardiographic 
correlation 
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FERGUS J MACARTNEY 


From the Thoracic Unit, The Hospital for Sick Children, London 


SUMMARY ‘To gain a better understanding of the anatomy of doubly committed subarterial defects 
and its relation to findings at cross sectional echocardiography and angiocardiography, eight 
necropsy specimens from patients with this condition were examined, and preoperative echo- 
cardiograms and angiocardiograms from 313 patients with surgically or necropsy confirmed outlet 
defect were reviewed. Of these, 48 had doubly committed subarterial defects. Morphological 
review showed that doubly committed defects are roofed by the arterial valves in fibrous continuity 
because of lack of both the outlet septum and the "septal" aspect of the subpulmonary 
infundibulum. Angiocardiography had a lower sensitivity (5095) than echocardiography (9595) for 
diagnosis of doubly committed defects, but each was highly specific. In five (14%) of 35 available 
echocardiograms the arterial valves were normally offset, but in the remainder they were at the 
same level. The ventriculoarterial connection was concordant in 37/48 (77%), discordant in five 
^ (10%) of 48, and double outlet right ventricle in six (13%) of 48. Displacement of the fibrous raphe 
between the arterial valves in relation to the ventricular septum below was associated with outflow 
obstruction in 14 patients (pulmonary in nine and aortic in five). These features were readily 
identified by echocardiography. : 
Thus echocardiography is not only a more accurate method than angiocardiography of 
recognising these defects, but also shows that the arterial pole of the heart is architecturally 
abnormal. 


'The doubly committed subarterial defect accounts 
for 5% of isolated ventricular septal defects in white 
populations! and 30% of such defects in oriental 
populations. The course may be complicated by 
prolapse of the aortic leaflets, with or without regur- 
gitation, pulmonary hypertension, aneurysm of the 
sinus of Valsalva, acquired aortic to ventricular 
communications, endocarditis, and tbe need for 
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aortic valve replacement.’ Prompt surgical interven- 
tion is recommended for aortic leaflet prolapse, with 
or without regurgitation, or if the defect is large.* 
'This emphasises the need for swift and accurate 
diagnosis. 

We reviewed the morphology of these defects 
to establish the criteria for diagnosis. We then 
compared the results of echocardiography and 
angiography in an effort to establish the strengths 
and weaknesses of the two techniques. 


Patients and methods 
We reviewed surgical and pathology records from 


July 1979-December 1986. Three hundred and 
thirteen patients had septal defects between the 
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ventricular outlets confirmed at operation or 
necropsy. There were two groups. The first con- 
tained those with perimembranous or infundibular 
muscular defects. The second group comprised 48 
patients with doubly committed subarterial defects. 

Eight necropsy specimens were available from the 
10 patients with doubly committed defects who died. 
The findings from these hearts were correlated with 
the results of echocardiography and angiocardiogra- 
phy. 

Preoperative echocardiographic and angiocar- 
diographic diagnoses of all 313 patients were noted. 
We reviewed 35 echocardiograms and 40 angiocar- 
diograms that were available from patients with 
doubly committed defects. We looked for fibrous 
continuity between the leaflets of the aortic and 
pulmonary valves, offsetting of these valves, unequal 
division of the outflow tracts with overriding of one 
or other arterial valve, and prolapse of the aortic 
leaflets with or without aortic insufficiency. 


Results 


MORPHOLOGICAL REVIEW 

The normal outlet (or infundibular) septum is the 
muscle separating the outflow tracts of the left and 
right ventricles. This extends cephaled to the tricus- 
pid valve and ends opposite the attachment within 
the left ventricle of the right coronary leaflet of the 
aortic valve. It is usually a small structure. The 
remaining right ventricular outflow tract is a sleeve of 
muscle supporting the leaflets of the pulmonary 
valve. Piercing this muscle produces a passage lead- 
ing outside the heart. The presence of this extensive 
subpulmonary infundibulum creates normal offset- 
ting of the arterial valves, which is readily visualised 
by cross sectional echocardiography (fig 1). 

In contrast, all eight hearts with doubly committed 
subarterial defects showed complete lack both of the 
outlet (infundibular) septum along with the “septal” 
aspect of the sleeve of subpulmonary infundibulum. 
In consequence, the interventricular communication 
was roofed by fibrous continuity between the leaflets 
of the aortic and pulmonary valves (fig 2). In one case 
there was considerable offsetting of the leaflets. The 
structure producing the offsetting was the wall of one 
aortic sinus rather than the muscular subpulmonary 
infundibulum, as in the normal hearts (fig 3). In some 
cases, there were remnants of infundibular muscle 
near the level of continuity between the valves that 
did not form a continuous muscle rim to roof the 
defect. Major associated anomalies in these eight 
hearts included double outlet right ventricle (one 
case), complete transposition (two cases), overriding 
aortic and dysplastic pulmonary valve (one case), and 





Photograph of a normal heart that represent 


Fig l (a) 
long axis echocardiographic view through the arterial 
and shows the relation of the left and right ventricular 


outflow tracts. The pulmonary valve is more cephalad thar 
the aortic valve because of the extensive subpulmonar) 
infundibulum. Only a relatively small area can be consider 


as outlet septum ( the muscle separating the subpulmona: 
and subaortic outflow tracts). (b) Parasternal long axi 
echocardiogram of a normal heart showing the anatomy in 
a). A, anterior; Ao, aorta; avl, aortic valve leaflet 
infertor; LA, left atrium; LV, left ventricle; os, outlet 
septum; P, posterior; pv, pulmonary valve; S, superior 
ventricular septum; spi, subpulmonary infundibulum 


interruption or coarctation of the aortic arch (thre 
cases). 

In the unrepaired hearts, obstruction of ven 
tricular outflow was associated with displacement 
(relative to the outflow tracts) of the fibrous raphe 
between the aortic and pulmonary valves with 
overriding of the unobstructed arterial valve, or 
alternatively, with thickening or dysplasia of the 
arterial valve leaflets themselves or both. One case 
showed additional redundant valve tissue adherent t 
the pulmonary valve producing “subvalvar 
pulmonary stenosis". In those with a displaced 





(b) E d E: Es aes : | 
Fig2 (a) Photograph of the right ventricular aspect of a 
heart with normal connections showing a doubly committed 
ventricular septal defect with its superior margin formed by 
the arterial valves in fibrous continuity, an absent outlet 
septum, and a deficient subpulmonary infundibulum. (b) 
Subxiphoid right ventricular long axis echocardiogram in the 
same patient. There is no outlet septum, a fibrous continuity 
of the arterial valves, and deficiency of the “septal” aspect of 
the subpulmonary infundibulum. Arrowheads indicate the 
inferior rim of the ventricular septal defect. RA, right 
atrium; AV, aortic value; PA, pulmonary artery; RPA, 
right pulmonary artery. See fig 1 for other abbreviations. 


aortopulmonary raphe the associated cardiac abnor- 
malities were consistent. Thus when the aortic valve 
overrode, it was the subpulmonary outflow that was 
obstructed and the pulmonary arteries were 
hypoplastic. Overriding by the pulmonary valve was 
associated with aortic stenosis and obstructive lesions 
of the aortic flow pathway (fig 3). 
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Fig3/a) Long axis view of the left ventricle of a heart 
with interrupted aortic arch and a doubly committed 
subarterial defect. The lower margin of the defect ts indicated 
by white arrowheads. The superior margin is formed by the 
arterial valves in continuity. The pulmonary valve overrides 
the septal defect and the aortic valve is bifoliate. The 
offsetting of the arterial valve leaflets despite fibrous 
continuity is shown by black arrows. (b) Long axis 
echocardiogram of this patient showing absent outlet septum, 
fibrous continuity of the arterial valves, deficient 
subpulmonary infundibulum, and overriding pulmonary 
valve. Note the offsetting of the arterial valves caused by 
interposition of aortic sinus. The arrowheads indicate the 
arterial valve leaflets. aov, aortic valve. See figs 1 and 2 for 
other abbreviations. 


ECHOCARDIOGRAPHIC/ANGIOCARDIOGRAPIC 
REVIEW 
Preoperative angiographic diagnosis was available in 
307 of 313 patients (261 of 265 in the first group and 
46 of 48 of those with doubly committed defects). 
Preoperative echocardiographic diagnosis was 
available in 271 of 313 patients (234 of 265 in the first 
group and 37 of 48 of those with doubly committed 
defects). There were 225 of 265 patients in the first 
and 37 of 4& in the second group with both echocar- 
diographic and concurrent angiographic diagnoses. 
Major associated defects in those with doubly 
committed defects included five (10°,,) with com- 
plete transposition, six (13",) with double outlet 
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Fig 4 


Short axis echocardiogram in a patient with doubly 
committed subarterial ventricular septal defect ( arrow 
AoV, aortic valve. See figs 1 and 2 for other abbreviations 


right ventricle, nine (19",) with overriding aortic 
valve and right ventricular outflow obstruction, and 
five (10",) with obstruction to the left ventricular 
outflow. The aortic valve was trifoliate in 45 (94°, ) 
and bifoliate in three (6",,) patients each of whom had 
an abnormal aortic arch. 

Echocardiographic sensitivity and specificity for 
prospective differentiation of doubly committed 
from other outlet defects were 95°, and 99", respec- 
tively. There were three false positive and two false 
negative diagnoses. These arose from technically 
inadequate recordings that resulted in errors in 
interpretation. Retrospective analysis showed that all 
echocardiograms from those with doubly committed 
defects showed absence of the outlet septum and 
deficiency of the subpulmonary infundibulum. This 
was shown by the presence of fibrous continuity 
between the facing leaflets of the aortic and pulmon- 
ary valves. None the less, there was offsetting of the 
facing leaflets in five (14",,) of 35 (fig 3), and two (6",, ) 
of 35 showed perimembranous extension of the 
ventricular septal defect. Best visualisation of the 
fibrous continuity and the outflow anatomy was 
obtained in 25 (71",,) of 35 studies in the subxiphoid 
long axis view of the right ventricle (fig 2b). In six 
studies there were technically inadequate subxiphoid 
views. Parasternal long and short axes (fig 4) were the 
next most helpful views, particularly when there was 
rotation from one view to the other.’ Prolapse of the 
right coronary leaflet was diagnosed in eight studies 
(fig 5). 

Angiocardiographic sensitivity and specificity for 
differentiation of doubly committed from other 
outlet defects were 50°, (p < 0-001 versus echo- 


cardiography) and 97°, respectively. There 
false negative and seven false positive diagn: 
40 biplane cineangiograms available for revi 


ventriculogram projections were in the long ax 


37 (93?,) and in the anteroposterior axis i: 


(7",,). Unequivocal evidence of continuity 


aortic and pulmonary leaflets was established in 


19 (48",,) of 40 patients. Frequently, the def 
not well defined and the position of the pulm 
valve was difficult to assess 

Aortography demonstrated prolapse of 
more aortic valve leaflets in 14 (38 of 37 | 
with ventriculoarterial concordance. In 12 
prolapse of the right coronary leaflet and in tw 
was prolapse of both the right and non-cor 
leaflets. There was aortic regurgitation in 11 
14 but this was not present before the age of 2 
Aortic regurgitation did not occur in any patie 
did not have aortic leaflet prolapse 


Discussion 


MORPHOLOGY 
Previous description of  doubly 
subarterial defects presumed that the norma 


septum was the muscle mass extending beyond t! 


tricuspid valve up to the pulmonary valve 
criterion for diagnosis was the absence of the 
septum” as thus defined, with the defect being r 


ther« 


by the leaflets of the aortic and pulmonary valv 





fibrous continuity.^' This study shows that 
detailed analysis of the right ventricular outflow 





Fig5 Parasternal long axis echocardiogram in a pa 
with an isolated doubly committed subarterial def. 
prolapse of the right coronary aortic leaflet. The lea 
prolapsed through the defect into the right ventricul 


tract. n, non-coronary leaflet; r, right coronar 


figs 1 to 4 for other abbreviations 
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is needed before the morphology of the doubly 
committed defect can be understood. 

In the normal heart, the true outlet septum, that 
portion of muscle interposing between the outflow 
component of the left and right ventricles cephalad to 
the tricuspid valve, is small. More importantly, there 
is a sleeve of subpulmonary infundibulum which 
supports the leaflets of the pulmonary valve, yet 
separates the right ventricular outflow tract from the 
outside of the beart rather than from the cavity of the 
left ventricle. This arrangement produces the normal 
offsetting between the leaflets of the aortic and 
pulmonary valves. Presence of a doubly committed 
defect, therefore is based not only on absence of the 
septum but also on absence of the “septal” aspect of 
the subpulmonary infundibulum. It is only in these 
circumstances that the leaflets of the aortic and 
pulmonary valves are seen in fibrous continuity. 
Offsetting ofthe aortic and pulmonary valves can still 
occur when there is a doubly committed defect in the 
absence of the subpulmonary infundibulum. This 
occurs when the wall of an arterial sinus is interposed 
between the valves. This anatomical feature was 
recently described? and is endorsed by our findings. 
'The morphological criteria suggested above for the 
recognition of a doubly committed defect hold good 
irrespective of the ventriculoarterial connection. 


VENTRICULAR OUTFLOW OBSTRUCTION 
“Fallot’s tetralogy” is often described as occurring 
with doubly committed subarterial ventricular septal 


defect.'* The morphology of tetralogy, however, ' 


includes an outlet malalignment ventricular septal 
defect, overriding of the aortic valve, and sub- 
pulmonary infundibular narrowing. If we chose a 
single morphological criterion for the tetralogy of 
Fallot it would be.anterocephalad deviation of the 
septal insertion of the muscular outlet septum. In 
doubly committed subarterial defects, the outlet 
septum is absent and the subpulmonary infun- 
dibulum incomplete; thus there is shortening of the 
narrowed right ventricular outflow tract and, indeed, 
obliteration of its “‘septal’’ aspect. Therefore, coexis- 
tence of Fallot's tetralogy, as defined, and a doubly 
committed defect is not tenable. This is, of course, 
dependent upon the definition chosen. None the less, 
we submit that the description of overriding of the 
aortic valve in the presence of aortic-pulmonary 
valvar continuity and obstruction of the pulmonary 
outflow tract is a more accurate definition of doubly 
committed subarterial ventricular septal defect in 
association with obstruction of the pulmonary 
outflow tract. 

Our pathological review has shown that restriction 
of the right or left ventncular outflow tracts is 
associated with displacement of the fibrous raphe 
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between the aortic and pulmonary valves along with 
overriding of the unobstructed valve. In addition, 
there may be thickening or dysplasia of the leaflets of . 
the arterial valves and accessory tissue adherent to 
them or any combination of these features. The 
major associated abnormalities reflect the haemo- 
dynamic consequences of the presence of outflow 
tract obstruction. Our findings may explain why 
subvalvar obstruction occurs after patch repair in 
cases with overriding arterial valves.’ 


CLINICAL IMPLICATIONS 

Cross sectional echocardiography is more sensitive 
than axial cineangiography in the diagnosis of the 
doubly committed defect. Echocardiography offers a 
wide variety of views of interest, allowing investiga- 
tion of the ventricular septum, outflow tracts, and 
associated anomalies. Since 1984, some patients with 
isolated doubly committed defects have undergone 
corrective surgery without preoperative angiogra- 
phy. Angiography none the less remains helpful in 


more closely defining abnormalities of the aortic 


valve, pulmonary arteries, and aortic arch. 
Conclusion 


This study challenges the presently accepted concept 
of the “outlet septum” in the normal heart and 
expands the definition of the doubly committed 
subarterial defect. The diagnosis requires an incom- 
plete subpulmonary infundibulum as well as absence 
of the outlet septum and fibrous continuity of the 
aortic and pulmonary valves. These features are more 
readily demonstrated by echocardiography than by 
angiography. This information facilitates planning of 
surgical strategy. Closure of the isolated doubly 
committed defect can usually be performed through 
the pulmonary artery with low morbidity, even in 
small infants, without the need for invasive inves- 
tigation.” 
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Correlations of lung morphology, pulmonary 
vascular resistance, and outcome in children with 
congenital heart disease 
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SUMMARY Pulmonary vascular resistance was measured in air, oxygen, and after administration of 
vasodilators in 14 children with pulmonary hypertension and congenital heart disease. Lung 
morphology was examifred by light microscopy and assessed quantitatively. In this selected group 
of patients (a) medial muscle thickness of > 20% in the intra-acinar arteries and Heath-Edwards 
changes of I or II were significantly associated with perioperative death from pulmonary 
complications after cardiac surgery; (b) children with lower percentage medial muscle thickness 
had a higher baseline resistance (r = — 0-84) associated with Heath-Edwards grade III or higher 
changes (most of these patients were not offered corrective sugery); (c) when the lowest pulmonary . 
vascular resistance was <3 units, Heath-Edwards grading was I or II (n = 4). When the 
pulmonary vascular resistance was 7 6 units, however, there was no direct correlation with Heath- 
Edwards grading (n = 9). Four patients with a resistance of 76 units had only grade I or II 
changes. Three had a medial muscle thickness above 20%, and were among those who died at or 
soon after operation. 

Itis concluded that (a) patients with a lowest pulmonary vascular resistance of 7 6 units have a 
bad prognosis whatever their lung morphology; and (b) some patients with Heath-Edwards grade 
I or II will have a high resistance (this group has a high medial muscle mass and a poor prognosis 


and would not be detected by Heath-Edwards grading alone). 


Many congenital heart defects can be corrected 
surgically during childhood, but the timing of 
operation is important because progressive damage 
to the pulmonary circulation may make anatomical 
correction impossible. Many techniques have been 
used to assess pulmonary circulatory damage, 
including assessment of haemodynamic function,’ ° 
pulmonary wedge angiography,’ and lung biopsy.** 
The purpose of this study was to try to define the 
relation between lung morphology, measurements of 
pulmonary vascular resistance, and outcome. 


Patients and methods 


PATIENTS 
At the Brompton Hospital pulmonary vascular 
resistance in air and 100% oxygen is measured in 
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children with suspected pulmonary vascular disease. 
'Those with resistances of between 4 and 10 Wood 
Units (mm Hg.l'.min.m?) have a lung biopsy. 
Biopsy is also performed if there are clinical grounds 
to doubt the feasibility of operation. We have 
reviewed 14 patients studied over a seven year period 
in whom full physiological and histological data are 
available. Table 1 gives their details and diagnoses. 
Lung tissue was obtained at biopsy (n = 9) or 
necropsy (n — 5). Informed consent was obtained 
for all procedures, usually from the parents, and all 
research protocols were approved by the Brompton 
Hospital Ethics Committee. 


METHODS 

Measurement of pulmonary vascular resistance 
Pulmonary vascular resistance was calculated from 
pulmonary blood flow measured by the direct Fick 
principle. Oxygen consumption was measured by 3 
mass spectrometry. Pull details of the method have 
been published."* Measurements were usually made 


480 


Pulmonary vascular disease tn congenital heart disease 
Table 1 Details and diagnoses of patients studied (arranged 1n ascending order of baseline pulmonary vascular resistance) 
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Height Weghi 
No Sax (centia) (centile) 
1 F <3 <3 
2 M 10 «3 
3 M 3 «3 
4 F <3 <3 
5 M 10 25 
6 F 25 30 
7 M <3 <3 
8 F <3 3 
9 F 50 50 
10 M 35 «3 
11 F 30 30 
12 F 80 60 
13 F <3 <3 
14 F 3 <3 


Diagnons 
AVSD, PDA, DS 
D 


Age at 
lung biopsy[necropsy 


13 mnth 

9 mnth 

10 yr 11 mnth 
6 mnth 

3 yr 4 moth 
7 yr 8 moth 
2 mnth 

18 mnth 

2 yr 5 mnth 
13 mnth 

19 yr 2 mnth 
2 yr 3 mnth 
16 mnth 

12 yr 4 mnth 


ASD(S), osuum secundum atrial septal defect, AVSD, atrioventricular septal defect; C, coarctation; DORV, double outlet right ventricle, 
DS, Down's syndrome; BFE, endocardial fibroelastosis; LVOTO, left ventricular outflow tract obstruction, MA, mitral atresia; MR, mutral 
regurgitation, MS, mitral stenosis; PAB, pulmonary artery banding, PDA, patent arterial duct; TGA, transposition of great arteries; VSD, 


ventricular septal defect. 


with the patients ventilated both on air and 
100% oxygen. When necessary epoprostenol 
(prostacyclin) was given by continuous intravenous 
infusion at rates of 5-20 ng/kg/min? and a bolus of 
tolazoline (1-2 mg/kg) was given into the pulmonary 
artery." 


Assessment of lung morphology 

The lung tissue was reviewed without knowledge of 
the clinical details or resistance measurements. The 
abnormalities were graded according to the Heath- 
Edwards classification, modified to include the 
predilatation phase." For the quantitative studies, 
the mean number of arteries measured in each 
specimen was 35, range 20-55. The mean percentage 
arterial medial thickness was calculated and 
compared with the normal values for age’ by non- 
orthogonal analysis of variance. The normal values 
were derived from  non-injected, postmortem 
material. The mean external diameter and 


muscularity of the arteries accompanying the 
different airway generations was determined and 
compared with age matched controls. The ratio of 
patent intra-acinar arteries to alveoli was calculated 
to compensate for differences in the degree of 
inflation in different lungs. The alveolar/arterial ratio 
was not determined in specimens showing 
generalised arterial dilatation. 


Results 


PULMONARY VASCULAR RESISTANCE 
MEASUREMENTS 

Table 2 summarises the haemodynamic data. The 
group mean baseline pulmonary blood flow was 
5-9 I/min/m? (range 0-6—-14-0) and mean pulmonary 
vascular resistance was 101 Wood units (range 
2:1—24-6). Even in patients with high pulmonary 
vascular resistances, 100% oxygen, epoprostenol, or 
tolazoline produced vasodilatation. This was usually 


Table 2 Mean pulmonay artery pressure (PAP, mm Hg), pulmonary blood flow (Qp, l[minjm?), and pulmonary vascular 


resistance (PVR, mm Hg l~ min.m?) 








Baseline 100% oxygen Drug 
Case PAP Qp PVR PAP Qp PVR PAP Qp PVR Drug used 
1 35 140 21 — — — — — — — 
2 28 103 22 24 90 21 — — — E 
3 51 123 30 50 100 37 — — — — 
4 25 44 32 22 52 21 20 68 1:3 OJPGI, 
5 62 76 T2 61 68 78 46 6:8 55 O,/PGI; 
6 + 78 69 98 85 70 105 80 82 84 L 
7 14 06 11-6 29 19 102 28 23 78 OJPGI 
8 40 27 11-9 34 38 66 — — — = 
9 33 24 119 37 28 113 32 30 92 O,/PGI, 
10 Eis = — 50 29 119 45 41 73 OJPGI 
11 60 39 14:2 58 50 10-8 58 6:5 84 Oj/PGI, 
12 60 29 189 56 49 10:4 — — ~ 
13 DS = — 40 17 220 = -— — — 
14 86 33 246 86 42 193 — — — — 





Op 100% oxygen; PGI, epoprostenol (prostacyclin). 
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Preaeinar 
No Tissue IP|IF Bxt| Du 9, MWT* Sixe Not Grade PVD 
1 PM + Ext Le N -— I-II 
2 PM * Ext 36: I 61 I 
3 LB o Ext 26 D 16 II 
4 LB o Ext N 91 
5 LB + Ext 20 I 105 ni 
6 LB + Ext 22 D 98 IIl late 
7 LB t Ext 15 I — II 
8 LB t Di 10 I 8 TII predil 
9 LB + Ext+ 13 N 6 JI predil 
Dit 
10 PM (0) Ext 3571 N 92 I-H 
11 LB [e Ext 8 N 10 
12 PM + Dil 6 N 96 IH pot 
13 LB o Ext 37* D — I-I 
14 PM + plex Di 11 — — IV 
*Normal mean value 7:4. [Normal range 8 2-11 2 
{Significantly greater than normal. 


LB, lung biopsy; PM, lung tissue obtained at necropsy; predil, pre-dilatation; IP/IF, intimal proliferauion/fibross; % MWT, 
arterial medial thickness in arteries 50-100 um in diameter; grade PVD, grade of pulmonary vascular di 


3 P crcentuge 
€, D, decreased; I, increased; 


O, not available, Ext, extension of arterial medial thickness unto more peripheral arteries than normal; Dil, dilatation; plex, plexiform 


lesions. 


manifested by an increase in flow with unchanged 
pulmonary artery pressure. The mean fall in 
pulmonary vascular resistance with 100% oxygen 
was 2:2 units (range — 0-7 to 5 3, p < 0:02,n = 11) 
and the mean additional fall in resistance with a 
bloodborne vasodilator was 2-3 units (range 0-8 to 
4.3, p < 0-001, n = 10). 


LUNG MORPHOLOGY 

All 14 patients showed an increase in pre-acinar 
(proximal to the respiratory unit) arterial medial 
thickness and ten showed extension of muscle into 
more peripheral arteries than normal. In nine of the 
ten patients this was associated with a significant 
increase in intra-acinar percentage arterial medial 
thickness (table 3). The four patients who did not 
show this extension did not have an increase in intra- 
acinar medial thickness and the intra-acinar arteries 
appeared to be dilated. In these cases the structural 
abnormalities present in both the pre- and intra- 
acinar arteries were characteristic of grade IV 
pulmonary vascular disease (n = 1) (Heath- 
Edwards) or of the predilatation phase (n = 3).!'7? 
In three children there was a reduction in the mean 
external diameter of the arteries accompanying 
respiratory bronchioli. In two patients this reduction 
in intra-acinar size was probably accounted for by 
their small body size for age. Only case 3 had an 
abnormally high alveolar/arterial ratio, indicating a 
reduction in the number of intra-acinar arteries. 


CORRELATION OF HAEMODYNAMIC AND 
MORPHOMETRIC DATA 
Pulmonary vascular resistance measured when the 


patients were breathing air (baseline pulmonary 
vascular resistance) was lowest in those with the 
greatest percentage arterial medial thickness (AM'T) 
in arteries that were 50-100 ym in diameter 
(pulmonary vascular resistance = —0-60.AMT + 
215, r= —084,p < 0:002, fig 1). The fall in 
pulmonary vascular resistance when vasodilators 
were given (baseline minus lowest pulmonary 
vascular resistance) was greatest in those with the 
highest resistances, and hence in those who had the 
lowest percentage arterial medial thickness (change 
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Fig! Medial wall thickness of intra~acinar arteries plotted 
against pulmonary vascular resistance (PVR). The figure is 
based on the 11 patients for whom data on baseline PVR, and 
fall in PVR after vasodilators (reversibility) are shown. The 
line 15 the regression of baseline resistance on medial wall 
thickness. The numbers identify the patients. 
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Fig2 Medial wall thickness of tntra-acinar arteries plotted 

against change in pulmonary vascular resistance (PVR 

baseline—PVR lowest). The figure is based on the 11 

patients for whom baseline and reversibility data are 

available. The numbers identify the patients. 


in pulmonary vascular resistance = —0-24.AMT 
+ 7-6, r = —088, p < 0-001, fig 2). Pulmonary 
blood flow was highest in those with the greatest 
percentage arterial medial thickness (flow 
= 0:27.AMT + 0-38, r = 0:72, p < 0-02, fig 3). 
Change in blood flow (highest minus baseline) did 
not correlate with medial muscle thickness (fig 4). No 
haemodynamic measurement correlated with the 
number of intra-acinar arteries. 

Figure 5 shows the relation between baseline and 
lowest pulmonary vascular resistance and the 
histological grading of the biopsy specimens by the 
modified Heath-Edwards classification. A lowest 
pulmonary vascular resistance of <3 units was 
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Fig3 Medial wall thickness of sntra-acinar arteries plotted 
against pulmonary blood flow. The figure is based on the 11 
patients for whom baseline and reversibility data are 
available. The line is the regression of baseline flow on medial 
wall thickness. The numbers identify the patients. 
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Fig 4 Medial wall thickness of intra-acinar arteries 
plotted against change m pulmonary blood flow (highest 
minus baseline). The figure is based on the 11 patients for 
whom baseline and reversibility data are available. The 
numbers identify the patients. 


associated with grade I or II changes (n = 4). The 
single case with early grade III changes had a lowest 
resistance of 5-5 units. When the resistance was 76 
units there was no correlation with the Heath- 
Edwards classification. Five patients had disease that 
was late grade III or worse, and in the remaining four 
cases the pulmonary vascular abnormalities were less 
severe (grade I/IT) than expected. 


OUTCOME 

Six of seven patients in whom corrective cardiac 
surgery was attempted died within a week of 
operation (cases 1-3, 5, 10, and 12). Child 13 died 
within hours of his lung biopsy. The notes were 
reviewed retrospectively without knowledge of 
the resistance or morphometric measurements. 
Pulmonary vasoconstriction or structural pulmonary 
vascular disease were considered to be major factors 
contributing to all the deaths. 'T'he only physiological 
or histological measurement that was predictive of 
perioperative death was an arterial medial thickness 
of >20% (p < 0-05, Fisher’s exact probability test, 
one tailed). Of the other six patients, two died of 
progressive right heart failure (patients 7 and 14). 
Patients 4 and 6 remain well two years after 
investigation. Patient 8 had ligation of the arterial 
duct and repair of coarctation: the ventricular septal 
defects were left open, but subsequently closed 
spontaneously, and she remains well. Patient 9 had a 
palliative Mustard's procedure without closure of the 
ventricular septal defects; she is well but becomes 
cyanosed on exertion. 
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Fig5 Heath-Edwards grading, modified to include the 
predilatanon phase (III predil) plotted against pulmonary 
vascular resistance. The numbers are the patient number and 
the medial wall thickness of intra-acinar arteries (95) 
respectively. 8 , baseline resistance; O , lowest resistance. 


Discussion 


These patients represent a highly selected group, 
varying in age, type of cardiac anomaly, and severity 
of pulmonary vascular disease. The proportion of 
patients with a pulmonary vascular resistance of at 
least 5:5 units (10/14) and coming to necropsy (5/14) 
indicates that the severe disease/high risk end of the 
spectrum is overrepresented in this series. Outcome 
was not an independent variable, because manage- 
ment was based on the interpretation of the data 
available at the time. We report these patients 
because we have both accurate measurements of 
pulmonary vascular resistance and reactivity as well 
as detailed lung morphology. 

Measurement of pulmonary blood flow by the 
direct Fick principle depends on direct measurement 
of oxygen consumption. Many investigators, 
however, rely on tables of predicted values, which are 
unreliable. ^ It is also important to distinguish fixed 
anatomical damage from reversible pulmonary 
vasoconstriction, otherwise the child may be denied a 
potentially curative operation. We routinely use at 
least one of 100% oxygen, epoprostenol, and 
tolazoline as pulmonary vasodilators when the resis- 
tance is raised. Details of interactions between these 
agents can be found elsewhere.’ ? 

We compared measurements of percentage arterial 
medial thickness with outcome after cardiac surgery. 
In the immediate postoperative period six died of 
pulmonary circulatory disease. À percentage arterial 
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medial thickness of >20% was associated with 
perioperative death after cardiac surgery (p « 0-05). 
This confirms the findings of others.?!! Patients with 
only slightly increased medial thickness had 
associated grade III or worse Heath-Edwards 
changes, and most were not offered corrective 
surgery. The only death after lung biopsy (case 13) 
was in the infant with the highest percentage arterial 
medial thickness. Perhaps even minor surgical 
procedures carry an increased risk if the percentage 
arterial medial thickness is high. 

Despite this, baseline pulmonary vascular resis- 
tance showed a negative correlation with percentage 
arterial medial thickness (fig 1) and baseline flow a 
slightly less good positive correlation (fig 3) in the 11 
patients in whom baseline pulmonary vascular resis- 
tance and pulmonary vascular resistance after 
vasodilators had been given were known. This rela- 
tion has been described before! The better 
agreement reported here is probably because pul- 
monary blood flow was measured directly rather than 
estimated from assumed values of oxygen consump- 
tion. It may seem surprising that a high resistance is 
associated with normal or only mildly increased 
arterial medial wall thickness. Serial reconstruction 
studies in other patients, however, have shown high 
resistance to be caused by associated severe proximal 
obstruction." " It is likely that smooth muscle 
regresses as flow and pressure drop distal to such 
obstructions—this is analagous to the regression of 
smooth muscle distal to a surgically placed pulmon- 
ary artery band. 

We have also shown that patients with normal or 
only modestly increased arterial medial muscle and 
high resistances show a much greater absolute drop 
in resistance when they are given vasodilators than 
those with greatly increased arterial muscle and 
normal or only modestly increased resistance (fig 2). 
It seems paradoxical that the less arterial muscle 
present, the greater the reversibility. If resistance is 
determined ty very narrow proximal vessels, 
however, even a small percentage increase in the 
lumens of such vessels will reduce resistance 
considerably. When there is increased muscle in 
distal vessels, the pulmonary vascular resistance is 
lower than when the obstruction is more proximal, 
leaving less scope for a fall in resistance with 
vasodilators. 

We also looked at the relation between lowest 
pulmonary vascular resistance and the modified 
Heath-Edwards grading (fig 5). The Heath-Edwards 
classification does not include a pre-dilatation phase, 
which is therefore likely to be misdiagnosed as grade 
II or early grade III. If this phase is omitted, the 
agreement between pulmonary vascular resistance 
and grading is less good. The high resistances 
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measured in three patients independently classified 
as being in the pre-dilatation phase by histological 
grading supports the view that this phase is a 
clinically important addition to the Heath-Edwards 
classification. The finding of inoperable pulmonary 
vascular disease in patients with resistances as low as 
6 units is surprising, since much higher values have 
been reported as compatible with operability.'? 
'These values may be higher because of failure to 
measure pulmonary vascular resistance accurately 
because oxygen consumption was only assumed. 
Another factor may be failure to administer 
appropriate vasodilators. In doubtful cases it is 
important to administer both 10095 oxygen and a 
bloodborne agent to determine the lowest pulmonary 
vascular resistance.’ ° 

In four of 14 cases the pulmonary vascular resis- 
tance was higher than expected from the histological 
grading. It is thus difficult to know how to manage 
patients with a lowest resistance of »6 units, in 
whom there is no correlation. between measured 
resistance and Heath-Edwards grading. Some will 
have inoperable pulmonary vascular disease, whereas 
others will have an apparently benign histological 
examination. Of the four patients in this latter group, 
patient 13 died after a lung biopsy, patient 10 died 
soon after corrective surgery, and patient 7 died of 
progressive cardiorespiratory failure several months 
after palliative operation. These three patients had an 
increased arterial medial thickness, which may not 
always permit successful operation." The fourth 
patient had an isolated atrial septal defect closed 
without complications, and clinically her pulmonary 
hypertension has regressed, but she has not been 
recatheterised. The data suggest that there 15 a group 
of patients with a high resistance, an apparently 
benign histological picture, and a poor prognosis. 
This group is missed if lung biopsy specimens are 
classified by the Heath-Edwards grading alone. 

It could be argued that because of the poor 
prognosis patients with a lowest resistance of 76 
units, should not be offered operation irrespective of 
the lung histology. None the less, if it is decided that 
such patients should have an operation, a lung biopsy 
would need to be performed in all children with a 
resistance of >6 units to distinguish the “benign” 
group from those with disease that is late grade III or 
worse, who by any criteria are inoperable. Many 
patients in this "benign" group need to be studied to 
see whether they really should be offered corrective 
operation. 

Any conclusions based on a selected series of this 
diversity must be tentative. Many children with 
congenital heart disease have a low pulmonary 
vascular. resistance, never-have a lung biopsy, and 
have a smooth postoperative course. In children in 
whom pulmonary vascular disease is suspected 
clinically, however, accurate measurement of 
pulmonary vascular resistance, combined in certain 
cases with lung biopsy, gives essential information 
for rational decision making. 
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Cardiomyopathy in the Kearns-Sayre syndrome 


KS CHANNER, JL CHANNER, MJ CAMPBELL, J RUSSELL REES 
From the Departments of Cardiology, Histopathology, and Neurology, Bristol Royal Infirmary, Bristol 


SUMMARY The Kearns-Sayre syndrome is a mitochondrial myopathy characterised by ptosis, 
chronic progressive external ophthalmoplegia, abnormal! retinal pigmentation, and cardiac 
conduction defects. A unique case is reported in which there was rapid development of progressive 
congestive cardiac failure that required cardiac transplantation. 

A review of published reports of mitochondrial myopathy shows that a minority of cases (< 
20%) have cardiac involvement. This had previously been limited to abnormalities of cardiac 
conduction with progressive heart block. Myocardial biopsy has, however, shown ultrastructural 
evidence of a generalised mitochondrial disorder which hitherto has not been associated with a 


functional deficit. 


The association of external ophthalmoplegia, abnor- 
mal retinal pigmentation, and complete heart block 
was first reported by Kearns and Sayre in 1958,) 
although Sandifer had already described a case of 
bundle branch block in association with external 
ophthalmoplegia.? The high risk of sudden death 
from the cardiac conduction defect in this syndrome 
has become less important with the development of 
implantable pacemakers, and prolonged survival has 
been reported.) The aetiology of the condition is 
unknown but the pathology has only recently been 
elucidated. 

Several early necropsy studies did not show 
any specific abnormality of the myocardium.!* 
Endomyocardial biopsy also showed non-specific 
changes—for example, interstitial fibrosis and hyper- 
trophy’ on light microscopy. Only on electron 
microscopy has any specific abnormality been 
detected, namely glycogen accumulation and 
proliferation of abnormal mitochondria.”° It is now 
recognised that the Kearns-Sayre syndrome forms 
part of a heterogeneous group of mitochondrial 
cytopathies.*? 

Although abnormalities of myocardial ultrastruc- 
ture have been found in the Kearns-Sayre syndrome 
these have not been associated with myocardial 
dysfunction. We report a patient with Kearns-Sayre 
syndrome who presented with congestive cardiac 
failure caused by dilated cardiomyopathy which was 
so severe that heart transplantation was required. 
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Case report 


INITIAL PRESENTATION 

A 21 year old man presented with a two month 
history of dzy cough and progressive dyspnoea. At 
the time of admission he became breathless when he 
climbed a single flight of stairs and he was orthop- 
noeic. He did not have chest pain. There was no 
history of a preceding influenza-like illness. In the 
past he had had bilateral ptosis surgically corrected 
when he was 16 years old and had been investigated 
for abnormal retinal pigmentation (visual evoked 
responses and electroretinograms were normal). 

He smoked 20 cigarettes a day and drank about 20 
pints of beer a week. He had two siblings who were 
well and there was no family history of note. 

He was plump and normally developed. The pulse 
rate was 100 beats/minute with frequent extrasys- 
toles, and the blood pressure was 110/80 mm Hg. 
The jugular venous pressure was grossly elevated to 
the level of his pinna and did not fall on inspiration. 
The apex was readily palpable in the 6th intercostal 
space in the anterior axillary line, and auscultation 
showed normal heart sounds. There was palpable 
hepatomegaly. Chest and neurological examination 
appeared normal. Fundal examination showed 
abnormal pigmentation around the macula (fig 1). 


INVESTIGATIONS 

Full blood count, blood sugar, thyroid function tests, 
and concentrations of fasting lipids, serum urea, and 
electrolytes were all normal. Antinuclear factor and 
rheumatoid factor were negative. The concentration 
of serum bilirubin was increased at 27 mmol/l 
(normal « 17 mmol/l), as was aspartate aminotrans- 
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Fig 1 Retinal photograph showing the typical “salt and 
pepper" retinal pigmentation of mitochondrial myopathy. 


ferase activity at 41 units/! (normal 6-35 units/l). 
Alkaline phosphatase activity was normal. Chest x 
ray showed pulmonary oedema with cardiomegaly 
(cardiothoracic ratio 17:8/30:6). The electrocar- 
diogram showed sinus tachycardia with ventricular 
extrasystoles and left axis deviation. Echocardiogra- 
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phy showed biventricular dilatation and generalised 
poor function, but all the valves appeared t 
normal. The isotope ventriculogram gave a 
culated ejection fraction for the right ventrick 
15% and 17°, for the left ventricle. Twenty four 
hour ambulatory  electrocardiography 
frequent ventricular extrasystoles and technical ve: 
tricular tachycardia (runs of three 
extrasystoles). 


showe 


consecuti 


COURSE 

A diagnosis of dilated cardiomyopathy was made and 
he was treated with diuretics, enalapril, warfarin, and 
amiodarone. On this regimen the pulmonary oedem 
cleared and he became less breathless. T'wo mont! 
later, however, he deteriorated and was readmitted 
with increasing dyspnoea, cough productive of pink 
frothy sputum, and lethargy. He had four pillow 
orthopnoea. On examination he was in severe cor 
gestive cardiac failure with bilateral pitting ank! 
oedema, high venous pressure, sinus tachycardia 
and gallop rhythm. 

Cardiac catheterisation at this time showed raised 
right heart pressures with mean right atrial pressur 
of 24 mm Hg. Right ventricular pressure was 60/3 
and pulmonary artery pressure was 60/40 (mean of 4 
mm Hg). Pulmonary wedge pressure was 38 mm Hg 
and left ventricular pressure was 78/30. Cardia 
output was 2:9 l/min. During the catheterisation a 2 
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Fig2 Limitation in the extent of eye movements by external ophthalmoplegia. 
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atrioventricular block developed. During this second 
admission his voice weakened and a bovine cough 
developed. Indirect laryngoscopy showed a 
paralysed left vocal cord which raised the possibility 
of Ortner’s syndrome. 

He was transferred to Harefield Hospital where an 
urgent heart transplantation was performed. He had 
a postoperative course complicated by a cardiac 
arrest, status epilepticus, and he required artificial 
ventilation for about 10 days. He gradually recovered 
and ten weeks after the transplantation he was 
transferred back to Bristol for rehabilitation. 

On readmission there was considerable distal wast- 
ing of the hands, forearms, and legs with contractures 
of both achilles tendons. He had ophthalmoplegia 
and weak sternomastoids. His cardiovascular state 
was satisfactory with no signs of heart failure. 

The history of corrected ptosis and finding of 
abnormal retinal pigmentation with the development 
of ophthalmoplegia and skeletal myopathy led to the 
diagnosis of the Kearns-Sayre syndrome. 
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NEUROLOGICAL INVESTIGATIONS 
Electroencephalography was abnormal with a gen- 
eralised excess of very slow wave activity particularly 
over the left hemisphere. There were occasional 
sharp wave discharges suggestive of a liability to 
seizures. Computed axial tomography of the brain 
showed no midline shift and no focal changes. The 
ventricular system showed mild dilatation. Nerve 
conduction studies showed normal motor and sen- 
sory velocities and normal amplitudes of evoked 
motor potentials apart from those muscles which had 
atrophied completely. Electromyographic sampling 
showed generalised and diffuse non-specific abnor- 
malities with loss of interference patterns related to 
the number of units that had atrophied within the 
muscles. 

On review 12 months after cardiac transplantation 
he was fully independent without dyspnoea on 
exertion. He had a persistent right foot drop and 
weakness of dorsiflexion of the left foot. There was 
persistent wasting of calf muscles bilaterally. There 





Fig 3 Electron photomicrograph of myocardial biopsy specimen showing large numbers of abnormal mitochondria. The 
mitochondria are large, vacuolated, and contain electron densities. 
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was weakness and wasting of the intrinsic hand 
muscles and wasting of the forearm muscles but no 
clinical weakness. Eye movements were markedly 
impaired (fig 2). All the reflexes were present. 


HISTOPATHOLOGY 

The excised heart weighed 500 g without the upper 
atria. The ventricular cavities were dilated and there 
was adherent thrombus at the apices. The specimen 
was fixed routinely in formol saline and processed for 
both histological and ultrastructural examination. 
Light microscopy of the myocardium showed degen- 
eration of myocardial fibres with perinuclear 
vacuolation and nuclear pleomorphism and 
enlargement. There was diffuse and focal interstitial 
fibrosis that was particularly noticeable in the sub- 
endocardial region. Although these features were 
present in both ventricles the left ventricle showed 
the most severe changes. Foci of myofibrillar degen- 
eration were also noted as demonstrated by trichrome 
staining. There were no features of an active myocar- 
ditis. Electron microscopy showed no significant 
abnormality of the myofibrils but showed various 
mitochondrial abnormalities. Mitochondria were 
increased in number but in addition were of varying 
size and shape, with giant mitochondria measuring 
up to 1-8 um in diameter. Within the mitochondria 
there were electron dense areas and vacuoles (fig 3). 
In many the cristae were disrupted. 


Discussion 


The Kearns-Sayre syndrome is characterised by the 
triad of chronic progressive external ophthalmo- 
plegia, abnormal retinal pigmentation, and cardiac 
conduction defects and is part of a heterogenous 
group of mitochondrial myopathies. The first of 
these myopathies was described by Luft er al in 1962° 
and they are all characterised by abnormal muscle 
mitochondrial morphology on electron microscopy. 
Recently attempts have been made to separate 
different clinical syndromes, for example myoclonus 
epilepsy with ragged red fibres (MERRF) and mito- 
chondrial myopathy/encephalopathy, lactic acidosis, 
and stroke-like episodes (MELAS),** but there is no 
association with either specific morphological 
changes or mitochondrial enzyme abnormalities.’ 

In the biggest published series of patients, from 
one centre, with mitochondrial myopathy defined by 
muscle biopsy, 40 (61%, ) of 66 cases presented before 
age 20 years and the commonest presentation was 
ptosis in 37 (56%) often with chronic progressive 
external ophthalmoplegia, which ultimately affected 
48 (7394) of cases.’ Many cases (47 (71°%,)) also had 
proximal limb weakness or easy fatigue, often with 
absent reflexes but occasionally with extensor plantar 








responses. Abnormal retinal pigmentation occurre: 
in 24 (36%,) and was usually of a “salt and pep 
appearance and without associated visual t 
Sensorineural deafness occurred in 17 (26%) and 
important central nervous system disease with 
cerebellar ataxia or dementia in 18 (27°). Similar 
frequencies of abnormalities have been reported in 
cumulative series culled from published reports." "' 
Our case is typical in that onset was before the age of 
20 years with ptosis and “‘salt and pepper" retinal 
pigmentation. Neither external ophthalmoplegia nor 
skeletal muscle weakness was noticeable before car- 
diac surgery but these are often mild and ignored hy 
the patient.’ After his complicated postoperative 
course the skeletal abnormalities and ophthalmo- 
plegia became obvious. 

Cardiac function in the Kearns-Sayre syndrome as 
assessed clinically’ and by haemodynamic’ ^ and 
imaging techniques has always previously been 
shown to be normal. Indeed, cardiac involvement in 
mitochondrial myopathies has hitherto been limited 
almost exclusively to the conducting tissue (though 
the development of cardiomyopathy has been 
forecast as a consequence of prolonged longevity 
resulting from pacing). Of the 66 cases from 
National Hospital of Nervous Diseases, 11 < T 
had electrocardiographic abnormalities without 
overt myocardial dysfunction.’ These included in 11 
cases, non-specific ST segment or T wave abnor- 
malites (often T wave flattening), and in nine cases 
conduction defects ranging from pre-excitation syn 
drome in one, first degree heart block (two c 
non-specific intraventricular conduction defec 
(two cases), right bundle branch block (three cases), 
and complete heart block (one case). Two patients 
had permanent pacemakers. In our case, the elec- 
trocardiogram was abnormal! before transplantation 
with left axis deviation indicative of left anterior 
hemiblock and transient second degree atrioven- 
tricular block. Progressive heart block from left 
anterior hemiblock to symptomatic complete heart 
block over a seven year period has been documented? 
and prophylactic pacing has been advocated for 
patients with the syndrome and evidence of conduc- 
tion disturbance short of complete heart block. 
Previous cardiac biopsy specimens have shown 
characteristic mitochondrial abnormalities! ^ similar 
to those seen in skeletal muscle. T'he morphological 
hallmark first reported by Luft ez al is the ragged red 
fibre, seen with the modified Gomori trichrome stain, 
which contains peripheral and intermyofibrillary 
accumulations of abnormal mitochondria.” These 
mitochondrial abnormalities are seen on electron 
microscopy. The mitochondria are increased in num- 
ber and may form large aggregates. T'hey may appear 
morphologically normal but are often abnormally 
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large with vacuoles or dense inclusions (made up 
largely of lipid). The cristae are disrupted and may 
form concentric whorls or honeycomb patterns.° 
Excessive accumulation of glycogen particles is also 
seen. Many of the morphological abnormalities of 
mitochondria are, however, non-specific and may be 
seen in other muscle diseases; they probably 
represent non-specific responses to noxious stimuli.” 
One other case of cardiac failure in this syndrome 
has been described.” In this case, a 23 year old man, 
first presented at the age of 12 with high output 
cardiac failure and again at the age of 16. At the time 
of his second presentation a profound lactic acidosis 
and considerable deterioration in the myopathy 
developed. He responded to treatment with pred- 
nisone and thiamine. Endomyocardial biopsy was 
not performed, and it was suggested that his cardiac 
failure resulted from a chronic high output state 
caused by the disturbances in muscle glycolytic 
metabolism producing excess lactate and pyruvate 
(akin to beriberi) Our case presented with severe 
rapidly progressive congestive cardiac failure and it is 
possible that this was precipitated by other factors. 
Abnormal cardiac muscle may be more susceptible to 
the toxic effects of alcohol, and although the drinking 
history of our patient would not be expected to 
produce cardiomyopathy in an otherwise normal 
heart 1t may have contributed to the speed and 
severity of his deterioration. In alcoholic car- 
diomyopathy'*" and other cardiomyopathies cardiac 
muscle may show mitochondrial abnormalities,‘ but 
the clinical features make our case otherwise typical 
of mitochondrial myopathy.’ 


We thank Dr Ariela Pomerance for the description of 
the excised heart and for providing tissue for ultra- 
structural examination, Mr Rodney Grey for the 
photograph of the retina, and Dr Hilary Morgan for 
the neurophysiological studies. 
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Addendum 


Since this report was prepared, two other cases of 
Kearns-Sayre syndrome presenting with heart block 
and heart failure have been reported.' 
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Accessory mitral valve leaflet causing aortic 
regurgitation and left ventricular outflow tract 


obstruction 


Case report and review of published reports 


JUN SONO,* ROXANE McKAY, ROBERT M ARNOLD 


From the Royal Liverpool Children’s Hospital 


SUMMARY Arrhythmias, aortic regurgitation, and symptoms of severe intermittent ventricular 
outflow obstruction developed in a 14 year old boy with a heart murmur who had been followed 
from infancy. These were caused by an accessory mitral leaflet, which was successfully removed at 
open heart operation. A review of 21 previously reported cases found a high incidence of associated 
cardiac malformations, appreciable subaortic obstruction in most patients, and a consistent 
attachment of the accessory tissue to the ventricular aspect of the anterior mitral leaflet. The 
characteristic echocardiographic appearance of a mobile mass arising from the area of aortic-mitral 
continuity is sufficient for the diagnosis of accessory mitral leaflet and echocardiographic 
examination will facilitate the surgical management of this condition. 


Among the more rare causes of subaortic obstruction 
are several mitral valve anomalies, including abnor- 
mal insertion within the left ventricular outflow tract, 
prolapse of redundant chordae or a leaflet, and 
accessory tissue in the subaortic area. Such accessory 
tissue is uncommon in normally connected hearts. It 
is a condition singularly amenable to repair without 
valve replacement. We report a case with several 
unusual clinical features that illustrates the value of 
real time echocardiography in diagnosing left 
ventricular. outflow tract obstruction with aortic 
regurgitation caused by an accessory mitral leaflet. 


Case report 


A 14 year old boy was admitted to hospital with a two 
month history of a central stabbing chest pain. He 
had been seen first at 11 months for an asymptomatic 
heart murmur that was present at birth, and right 
heart catheterisation subsequently confirmed the 
clinical diagnosis of a small ventricular septal defect. 
Routine outpatient follow up found no change in his 
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physical signs until an early diastolic murmur was 
heard when he was 14. The patient then recalled 
several episodes of sharp precordial pain precipitated 
by strenuous exercise, as well as palpitation and 
giddy spells unrelated to effort. 

'The relevant physical findings included an 
irregularly irregular waterhammer pulse at 80 beats/ 
minute, a systemic blood pressure of 130/70 mm Hg, 
and an easily palpable thrill along the left sternal 
border. This corresponded to a harsh systolic ejec- 
tion murmur radiating widely over the precordium as 
well as to the patient's neck and back. In addition, 
there was a grade 2/4 1mmediate diastolic murmur. 
The electrocardiogram showed a bizarre pattern of 
multifocal ventricular extrasystoles, some periods of 
sinus rhythm with intermittent right bundle branch 
block, and other periods of junctional rhythm. There 
was no evidence of ventricular hypertrophy or 
ischaemia. Chest x ray showed a cardiothoracic rauo 
of 0:53 with pulmonary vasculature. The remainder 
of the patient’s physical examination and laboratory 
investigations were within normal limits. 

Cross sectional echocardiography showed a 
pedunculated mass originating just beneath the non- 
coronary cusp. The mass had prolapsed through the 
aortic valve during systole (fig 1). In addition, there 
was a large aneurysm of the membranous septum. 
Pulsed Doppler examination showed moderately 
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Fig 1 
(a) and diastole (b 
tissue (small arrows 


Cross sectional long axis echocardiograms in systole 
showing the prolapse of a large mass of 
through the aortic valve during 
ventricular ejection. This tissue fell back against the 
aneurysm of the membranous septum (large arrow) during 
diastole. VS, ventricular septum; LV, left ventricle; 

AO, aorta; LA, left atrium; AM, accessory mitral leaflet 


severe aortic regurgitation and a velocity of 2:3 
metres/second across the left ventricular outflow 
tract, indicating a gradient of approximately 21 
mm Hg. Repeat cardiac catheterisation and 
angiography confirmed the echocardiographic find- 
ings and excluded any intracardiac shunt. 

Despite the absence of clinical or laboratory find- 
ings to suggest bacterial endocarditis, the echocar- 
diographic appearances were thought to be consis- 
tent with a large vegetation and the patient was 
treated with intravenous antibiotics. Four days after 
catheterisation his giddy spells recurred, and urgent 
transaortic exploration of the left ventricular outflow 
tract was carried out on cardiopulmonary bypass 
with moderate hypothermia and cardioplegic arrest. 
The aortic valve was normal, and immediately 
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beneath the commissure between non-coronary and 
right cusps there was a wide-mouthed aneurysm (20 
mm in diameter) of the membranous septum extend- 
ing into the right ventricle. There was no ventricular 
septal defect; but, at the lower margin of the 
aneurysm, a discrete ring of fibrous tissue extended 
into the outflow tract for about 5 mm and around half 
its circumference. This did not correspond with the 
echocardiographic appearances, however, and ac- 
cordingly a search was made deeper within the left 
ventricle. This disclosed a mass of soft white tissue 
attached in several places to the ventricular surface of 
the anterior mitral leaflet and, on the other side, by 
well defined chordae, to a small papillary muscle near 
the ventricular septum (fig 2). This tissue was 
completely separate from both the subaortic mem- 
brane and the aneurysm of the membranous septum 
fig 3). 





Fig 2 


a) and ventricular (b 


Transluminated surgical specimen showing the aortic 
sides of the accessory mitral leaflet 
The papillary muscle arose near the normal anterolateral 
papillary muscle and the upper lip was attached to the back 
of the anterior mitral leaflet in several places, A rudimentary 
chordal architecture and cusp differentiation is apparent but 
the leaflet was imperforate. 
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Right ventricle 


Fig 3 Diagram of the operative findings showing the 
relation of the accessory mitral leaflet to the aortic valve and 
to the aneurysm of the membranous septum. 


The discrete subaortic membrane was enucleated,’ 
and the accessory mitral leaflet was excised by sharp 
dissection. The aneurysm of the membranous sep- 
tum was plicated on its right ventricular side through 
the tricuspid valve. Weaning from cardiopulmonary 
bypass was smooth and uneventful, as was the 
patient's subsequent postoperative recovery. He was 
discharged from hospital seven days after operation, 
when pulsed Doppler echocardiography showed 
only a trace of aortic regurgitation. The electrocar- 
diogram had returned to normal sinus rhythm. 


Discussion 


Accessory mitral valve tissue producing subaortic 
obstruction was first described by MacLean et al in 
19635 and, in his precise classification, Edwards 
included this anomaly as a rare cause of subaortic 
stenosis.’ During the past decade one or two cases 
have been reported each year, and it is now possible 
to characterise this unusual condition in some detail. 

The condition usually presents as an asymp- 
tomatic heart murmur, although the two youngest 
patients had low cardiac output from aortic obstruc- 
tion at three days of age,! and congestive heart failure 
at 14 months.” Signs of left ventricular outflow tract 
obstruction generally develop during the first decade 
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(fig 4) but these have been accompanied by com- 
plaints of exercise intolerance, chest pain on exertion, 
or syncope in less than one third of patients. Usually, 
the obstruction is severe, with gradients of >50 
mm Hg measured by cardiac catheterisation or Dop- 
pler echocardiography. There were major associated 
cardiac defects in 13 of 21 previously described 
cases? *? and in our patient, but these did not suggest 
any particular developmental pattern (table). 

Our patient was unusual because he presented with 
dominant aortic regurgitation and arrhythmias, 
which, in view of his past history of ventricular septal 
defect, suggested bacterial endocarditis. It is possible 
that the aneurysm of the membranous septum 
provided a bypass around the obstructing accessory 
mitral tissue until this tissue became sufficiently large 
to prolapse through the aortic valve. The only other 
patient to have such a mild gradient across the left 
ventricular outflow tract also had an aneurysm of the 
membranous septum. Sudden complete blockage of 
aortic outflow would account for the patient's chest 
pain and giddy spells, but the aetiology of his 
arrrhythmias is less clear. One possibility is that 
increased left ventricular pressure caused tension on 
the aneurysm and adjacent conduction tissue, result- 
ing in bundle branch block and the episodes of nodal 
rhythm. Alternatively, the accessory leaflet itself may 
have damaged the conduction tissue as it moved 
within the subaortic area. In either event, the 
electrocardiogram would be expected to revert to 
normal, as it did, after operation. 

The diagnosis of this and other types of subaortic 
obstruction has been facilitated greatly by real time 
echocardiography.” ^ Although M mode studies 
showed multiple echoes in the subaortic area,” sector 
scanning clearly differentiates between fixed fibrous 
tissue and movement of an accessory leaflet into the 
outflow tract. Whereas a tumour mass or vegetation, 
theoretically, might produce a similar appearance, 


No of patients 





2345 67 8 9 10 !! 12 13 14 234 
Age (yr) 


«11 


Fig4 Age distribution of 22 patients who were found to 
have a subaortic accessory mitral valve leaflet at operation or 
necropsy. 


Table Summary of reported cases of accessory mitral leaflet or tissue in normally connected hearts 
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Age (yr)] 
sex of 
Author case } 
Maclean etal? 29|M 
(1963) 


Deal et al (1963) 11/F 
Sellars et al '? 
(1964) 


`. Kelly et al? (1972) 7/M 


Cooperberg et af? 9/M 
(1976) 


Mathewson et al* 3d/F 
(1976) 


Freedom et al" 8 mnths/ 

(1977) not 

Kohde et al” 2]F 

(1979) 

Kuribayashi 3[M 

et al ” (1979) 

Nanton er al * 9[r 

(1979) 

Gomes et al ? 14 

(1980) mnths/ 
M 


Tanimoto eral‘ 10 
(1981) mnths/ 


Hatem at al"! 
(1981) 


10/F 





Gradient Surgical 
Presentation (mm Hg) approach Accessory tissue Histology 
Exercise mtolerance, 70 Aortotomy 2 parachute-like 
murmur snee structures (5 mm and 15 
childhood mm) attached to anterior 
mitral leaflet i 
Seizures; heart 70 Aortotomy 5 balloon-hke masses of Connective 
murmur, “Known to spherical tissue tissue similar 
have subaortc : to normal 
stenosis" mutral valve 
130 Ventriculo- On anterior mitral 
tomy leaflet 
Asymptomatic 80 Aortotomy Parachute-shaped, 
then attached to anterior 
ventriculo- mitral valve ring, 
tomy ' chordae attached to 
septum and papillary 
muscles 
Murmur, low cardiac 62 Aortotomy | Pedunculated mass 
output then originating from 
ventriculo- — midpoint of junction of 
tomy mitral annulus and 
anterior leaflet 
40 None (Post- Nodular gelatinous mass 
mortem of undrfferenciated 
specimen) endocardial ussue from 
aortic leaflet of mitral 
valve and contiguous 
membranous septum 
Heart murmurati4 50 Aortotomy Accessory tissue attach- Fibrous 
mont ed to anterior mitral tissue 
leaflet with 3 chordae 
Heart murmur at 1 100 Aortotomy White tissue with Fibrous 
month, syncope and then left cho attached to tissue 
chest pain on exertion atriotomy — anterior leaflet of mitral f 
valve and septum 
Murmur from 1st year 100 Aortotomy Balloon-like, 2 2 cm x 
13cm. Attached in 
concave arc below left 
leaflet and to 
LV . Chordae to 
anterolateral papillary 
muscle and lateral wall 
ofLV 
Murmur from birth, 90 12cm x 4cm nodular, Valve-like 
congestive heart flap-like fibrous tissue — atructure 
failure attached to base of 
anterior mitral leaflet 
Heart murmur from ` 26 Aortotomy Chordae attached to Fibrous 
birth mutral valve ring, 
aortic annulus, and LV 
free wall 
Asymptomatic heart 195 Aortotomy Sheet-like mass under — Fibromyoid 
murmur at 5 weeks aortic valve with tissue 
chordae to septum and — conmstent 
papillary muscles with valve 
tissue - 





Supravalvar mitral 
ring; bicuspid aortic 
valve; single sinus 
origin of coronary 


Dextrocardia, 
subaornc ring 


Ventricular septal 
defect, coarctation 


Died m 
operaung 
theatre 


Died 


Mald mitr 





Partial AV septal 
defect; left SVC 


Supravalvar aortic 


Good 
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Age (yr) 
sex of. Gradient. Surgical Associated 
(thor case Presentation imm Hg j approach Accessory tissue Histology lesions 
aruta et al 5/M Murmur from birth. 100 Aortotomy 25cm * 30mm Myxoidal 
1983) Tumour-like mass then left accessory leaflet with dysplasia. tissue on atrial side 
LVOTO on echo atriotomy multiple chordal Normal of anterior mitral 
attachments to anterior endothelium — leaflet 
mitral leaflet and free of mitral cusp 
wall of LV 
potta et al ?! 14/M Easy fatiguability; 50 Aortotomy Attached to anterior Collagen fibre Mild aortic 
4983) heart murmur at 21 then left mitral leaflet and with myxoid tegurgitarion 
years atriotomy — ventricular septum. stroma and 
Chordae connected to — endothelium 
mitral valve chordae 
Bin'kovsky and 6/F Breathless on exertion; 100 Aortotomy 20 x 15 mm, arising Like a mitral 
ignatow !? (1984) temporary heart pains from anterior leaflet of — valve 
í mitral valve 
posay er al '** 9M Aortic stenosis and 34 Aortotomy 15x 2em Situs inversus, E : 
985) regurgitation "membrane" mitral regurgitation  regurgitation 
pinet er al ??* 4M Aortic stenosis and 112 Aortotomy Good 
985) regurgitation 
2/M Aortic stenosis and 44 Aortotomy VSD Good 
regurgitation 
Aboliraset al'® — 15/M Exertional dizziness — 100 “Hood” of accessory Discrete subaortic — Residual 23 
985) and dyspnoea; mass tissue on anterior mitral membrane mm Hg 
on echo valve leaflet 
Meldrum-Hanna 7/F Asymptomatic 80 Aortotomy Attached around 
>al ® (1986) murmur leftward part of anterior 
mitral leaflet and on to 
septum. Short chordae 
on free edge 
ascuitto et al} 4/M Heart murmur, mass 100 Aortotomy Folds of leaflet-like fib- Myxomatous 
M 986) on anterior mitral then left rous tissue attached to dysplasia; 
leaflet on echo atriotomy base of anterior mitral abnormal regurgitation. 
leaflet; chordae to both mitral valve Doppler 
papillary muscle tissue gradient 25 
mm Hg 


Peena 
Three cases reported in two papers. a 
AV, atrioventricular; SVC, superior vena cava; VSD, ventricular septal defect; LVOTO, left ventricular outflow tract obstruction; POD, postoperative 


ay. 


such lesions more commonly originate from cardiac 
muscle or build up directly upon the low pressure 
side of a heart valve respectively. The degree of 
subaortic obstruction may be estimated from Dop- 
pler echocardiography,“ which may avoid the need 
for catheterisation. Indeed, recently operation has 
been recommended without invasive studies.” 
Angiography can visualise a mass in the subaortic 
area but adds little to the diagnosis, and cardiac 
catheterisation probably is required only to inves- 
tigate associated cardiac malformations. 

The indication for operation was severe left 
ventricular outflow obstruction in eighteen patients 
and explorations of an intracardiac mass in two. 
One neonate who had repair of aortic coarctation 
subsequently died and was found to have accessory 
mitral valve tissue at necropsy." In another patient 
the accessory leaflet was discovered during reopera- 


tion for residual subaortic obstruction." 

All operations were performed on cardiopulmon- 
ary bypass, with a variety of approaches to the 
accessory leaflet. While aortotomy provides good 
access, ° identification of the accessory tissue may 
be difficult when it is accompanied by subaortic 
stenosis or has collapsed into an empty left ventricle." 
This is because the accessory mitral valve tissue 
always lies below any discrete fibrous obstruction, 
When the relation of the accessory leaflet to the mitral 
valve cannot be clearly seen through the aorta, or 
when additional malformations are present on the 
atrial side of the valve,’ a left atrial approach has been 
useful. ^? Although a systemic ventriculotomy al 
provides good access, "? it is likely to compromise 
cardiac function and is probably unnecessary. 

The gross appearances of the subaortic accessory 
mitral leaflet have been remarkably constant and are 


AO 








496 


not unlike those of accessory mitral valve tissue 
described in ventriculoarterial discordance with? ^ 
or without” * atrioventricular discordance. In all 
patients the accessory tissue was attached on the 
ventricular surface of the anterior mitral leaflet and in 
most it extended to the septal surface or free wall of 
the left ventricle. Both in relative and real terms, the 
accessory leaflet tends to be large. In our patient its 
diameter exceeded 25 mm, compared with an aortic 
annulus of 20 mm; and in all other operated cases the 
width was > 15 mm. Occasionally, a second mass of 
tissue originates from the membranous septum.* 

The extent of differentiation has been variable and 
may reflect haemodynamic forces applied to the 
accessory tissue within the left ventricular outflow 
tract. The most primitive, nodular, gelatinous mass 
of undifferentiated tissue was found in an eight 
month old infant"; but most leaflets are parachute or 
sail shaped with a variable number of well defined 
chordae anchoring the ends to either or both 
papillary muscles of the mitral valve, to normal 
chordae, to the left ventricular free wall, or, as seen in 
our case, to an accessory papillary muscle. The hood- 
like structure thus produced presents a concave 
surface towards the left ventricle, so that in ven- 
tricular systole this pouch is distended with blood 
and is carried into the subaortic area. Histological 
examination of the accessory leaflet has generally 
shown fibrous tissue with myxoid dysplasia, 
analogous to dysplastic mitral valve tissue.’ ^? 

Because the leaflet is accessory tissue, its removal 
should in no way compromise the function of an 
otherwise normal mitral valve, and the results of 
operation usually have been satisfactory. In fifteen 
patients in whom the mass was removed completely 
as a primary procedure, there was one death. This 
was a three day old baby who had a left ven- 
triculotomy after the tissue could not be identified 
through the aorta.’ Two patients had mild mitral 
insufficiency attributed in one to simultaneous repair 
of a partial atrioventricular septal defect? 5; and three 
patients (including the one reported here) had trivial 
aortic regurgitation, °? Al] survivors remained or 
became symptom free and none has shown signs of 
recurrent subaortic obstruction. Failure to remove 
the tissue, however, has been associated with con- 
siderable early mortality" and a high number of 
reoperations," ' as has partial or incomplete relief of 
the subaortic obstruction." ? Since the development 
of real time echocardiography to demonstrate 
reliably the accessory leaflet before operation, there 
have been no operative deaths attributed to this 
lesion. 

Little is known about the aetiology and course 
when an accessory mitral leaflet is present. It has 
been suggested that anomalies of the mitral valve and 
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fibrous subaortic stenosis both result from abnormal 
development of endocardial cushion tissue." Yet, 
considerable evidence supports the view that discrete 
subartic stenosis is an acquired malformation, 
while the anlaga of an accessory leaflet probably is 
present at birth, since the murmur is present early in 
life, even when there are no other cardiac lesions." ' It 
is likely that the degree of left ventricular outflow 
obstruction is progressive, because a gradient of 65 
mm Hg at five years increased to 196 mm Hg by 10 
years in the only patient who underwent serial left 
heart studies." Whether this results from enlarge- 
ment of the accessory leaflet or from narrowing of the 
outflow tract by a discrete membrane is a question 
that echocardiography may answer in the future; 
certainly when the leaflet eventually prolapses 
through the aortic valve it produces symptoms of 
severe left ventricular outflow tract obstruction and 
aortic regurgitation, as seen in our patient. 

More widespread availability of sector scanning 
and Doppler echocardiography may lead to the 
identification of an accessory mitral leaflet before the 
development of symptoms or important obstruction 
to left ventricular outflow. While elective, prophylac- 
tic removal of the tissue does not seem to be justified, 
careful excision of the accessory leaflet can be accom- 
plished without morbidity or mortality. Accordingly, 
accessory tissue probably should be removed during 
open heart surgery for any associated cardiac defects 
to avoid residual and, possibly, progressive left 
ventricular outflow obstruction.'* 


J S was supported by the National Heart Research 
Fund. We thank Dr Audrey Smith for the prepara- 
tion of figs 1 and 2, Dr Maciej Karolczak for 
translation of reference 19 from the original Russian. 
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Familial atrial standstill caused by amyloidosis 


SHIGERU MAEDA, TOSHIHIDE TANAKA, TAKAKAZU HAYASHI 
From the Department of Medicine, Sakakibara Heart Institute, Yoyogi, Shibuya-ku, Tokyo, Japan 


SUMMARY Three of nine siblings were affected by atrial standstill. Clinical, electrophysiological, 
and histological findings in two of these cases were studied. Electrophysiological studies showed 
persistent atrial standstill in one and partial atria] standstill in the other. Biopsy specimens of the 
right atria showed amyloid deposits, but specimens of the right ventricles and skin did not. Neither 
patient had peripheral neuropathy, gastrointestinal disorder, or renal dysfunction. Familial atrial 
standstill is usually associated with peripheral neuropathy. 

In the two cases studied amyloid deposition mainly affected the atrium, rather than the ventricles 


or other organs, and caused atrial standstill. 


Amyloidosis is a cause of atrial standstill. The most 
common clinical feature of cardiac amyloidosis is 
rapidly progressive heart failure‘; familial 
amyloidosis is usually also associated with peripheral 
neuropathy. We report on three cases of familial 
atrial standstill caused by amyloidosis in which there 
were no cardiac symptoms or peripheral neuropathy. 


Case reports 


CASE 1 

A 36 year old man had a sudden onset of left 
hemiparesis on 29 October 1984. Cerebral infarction 
was diagnosed and bradycardia and cardiomegaly 
were found. On 29 November 1984 he was admitted 
to our hospital for further evaluation. On admission 
his pulse was regular at 48 beats/min and blood 
pressure was 140/80 mm Hg. A grade 2/6 ejection 
systolic murmur was heard along the left sternal 
border. The second sound was split widely and the 
width of splitting increased during the inspiratory 
phase. Neurological examination showed left 
hemiparesis and a mild speech disturbance. 

An electrocardiogram showed a ventricular rate of 
39 beats/min with complete right bundle branch 
block and a QRS width of 0-12 s. No P waves were 
found in any of the leads. Intravenous atropine 
sulphate (1-0 mg) and exercise increased the ven- 
tricular rate to 64 and 118 beats/min, respectively, 
but P waves remained absent. 
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Chest x rays showed cardiomegaly with a cardio- 
thoracic ratio of 0-6. The echocardiogram showed 
dilatation of the right atrium with no A waves on the 
anterior mitral leaflet, but the wall thickness and 
contraction of the left ventricle were normal. 

Cardiac catheterisation showed no a waves on the 
right atrial pressure curve. An intracardiac elec- 
trogram from the right atrium showed no A waves, 
fibrillary waves, or any other electrical activity. No 
extrasystoles could be induced by right atrial 
stimulation even at an output of 10 V. On the other 
hand, intrinsic ventricular contractions had a R wave 
amplitude of 14 mV, and artificial stimulation 
produced right ventricular activation at 0:3 V. 

Biopsy samples from the mght atrial wall showed 
amyloid deposits and considerable muscle loss with 
replacement fibrosis. But samples from the right 
ventricle, skin, and rectum showed no evidence of 
amyloid deposition. 

The patient had a permanent pacemaker im- 
planted and has been treated with oral anticoagulants 
to prevent systemic embolism. He continues to do 
well with regular visits to our outpatient clinic. 


CASE 2 

The 34 year old brother of case 1 was found to have 
bradycardia and cardiomegaly at the age of 27. On 30 
November 1983 he was admitted to hospital with 
lower abdominal pain of sudden onset which was 
accompanied by an increase in the serum concentra- 
tions of glutamic oxaloacetic transaminase, glutamic 
pyruvic transaminase, and lactate dehydrogenase. 
Lower abdominal pain disappeared in a few days and 
enzyme concentrations returned to normal within 
two weeks, but the cause of lower abdominal pain was 
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Figure Electrocardiogram of case 1 showeng absence of P waves and slow regular atrioventricular 


junctional rhythms in all leads. 


never determined. He was admitted to our hospital 
for further evaluation on 31 March 1984. 

On admission his pulse was regular at 35 beats/min 
and blood pressure was 140/80 mm Hg. There was no 
peripheral oedema and the liver and spleen were not 
palpable. A grade 2/6 ejection systolic murmur was 
heard along the left sternal border. The second sound 
was widely split and splitting increased during the 
inspiratory phase. T'he neurological examination was 
normal. . 

An electrocardiogram showed a ventricular rate of 
44 beats/min with a QRS width of 0-08 s. No P waves 
were found in any leads. By contrast, an electro- 


.cardiogram obtained seven years earlier showed 


occasional low voltage P waves (0-1 mV) which 
were conducted to the ventricles, and one recorded a 
year earlier showed low voltage atrial flutter waves 
(20-05 mV) with a cycle length of 180 ms on leads IT, 
III, and aVF accompanied by a ventricular rate of 40 
beats/min. Intravenous atropine sulphate (1-0 mg) 
and exercise at our clinic increased the ventricular 
rate to 72 and 120 beats/min respectively, but no P 
waves appeared. Chest x rays showed cardiomegaly 


with a cardiothoracic ratio of 0-64. 

An echocardiogram showed dilatation of the right 
atrium, no À waves on the anterior mitral leaflet, and 
normal thickness, and contraction of the ventricular 
wall (as in case 1). 

Cardiac catheterisation showed no a waves on the 
right atrial pressure curve. A right atrial intracardiac 
electrogram, however, showed very low voltage 
flutter waves with a cycle length of 175 ms. A 
simultaneous surface electrocardiogram did not 
show flutter waves in any leads. Atrial capture could 
not be achieved with stimuli up to 10 V. On the other 
hand, the right ventricle showed normal response to 
stimulation at 0-5 V and R wave amplitude was 
normal. 

Biopsy specimens of the mght atrium, right 
ventricle, and skin were obtained for pathological 
examination. Only the right atrium contained 
amyloid deposits (as in case 1). Specimens from the 
right ventricle and skin were normal. 

This patient also had a permanent pacemaker 
implanted because of considerable bradycardia. He 
remains well. 
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CASE 3 

The 47 year old brother of the two previous patients 
was found to have bradycardia and cardiomegaly 
(cardiothoracic ratio 0-66) at another hospital when 
he was 37. An electrophysiological study was per- 
formed at the time, and a right atrial intracardiac 
electrogram showed no A waves. The right ventricle 
responded to stimulation at 0-6 V and R wave 
amplitude was 5:2 mV. Atrial standstill was diag- 
nosed. A biopsy specimen of the right ventricle 
showed no abnormalities. 

This patient also had a permanent pacemaker 
implanted for considerable bradycardia at the age of 
42. When he was 46 pretibial oedema developed and 
chest x rays showed an increase of cardiothoracic 
ratio to 0-75. After a one month stay in hospital the 
pretibial oedema disappeared and his cardiothoracic 
ratio fell to 0-69. He is being followed at another 
outpatient clinic and his condition has not 
deteriorated. 

Six other siblings of the above patients (five 
women and one man) have not been examined. 


Discussion 


Although familial atrial standstill has been 
reported,"? its aetiology was confirmed only by 
Allensworth et al and Harrison and Derric. 
Allensworth et al studied three siblings with atrial 
standstill and showed right atrial amyloid deposits in 
one of them.’ Harrison and Derric reported two 
siblings with almost identical clinical and electro- 
cardiographic features, and showed right atrial 
amyloid deposition in one.? There is also a report by 
Williams et al on familial atrial standstill that reports 
considerable muscle loss in only the right atrial wall 
with replacement fibrosis and no evidence of amyloid 
deposition.’ 

On the other hand, many cases of familial 
amyloidosis have been reported. In most of them the 
characteristic clinical findings are associated with 
peripheral neuropathy," but cardiac failure is also 
found," though less often. There are also many 

, reports of cardiac amyloidosis.*? The most common 
clinical feature is congestive heart failure, which 18 
often refractory to treatment. Although electrocar- 
diograms in cases of cardiac amyloidosis and familial 
amyloidosis frequently show sinus node dysfunction, 
abnormalities of atrioventricular conduction and 
other arrhythmias,” '* atrial standstill is rarely seen, 

Familial atrial standstill caused by amyloidosis was 
diagnosed in our three cases. None of them had 
peripheral neuropathy, rapidly progressive cardiac 
failure, gastrointestinal disorder, or renal dysfunc- 
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tion. The clinical, electrophysiological, and path- 
ological findings of our cases differ from those of 
familial amyloidosis or cardiac amyloidosis reported 
earlier. Although the cases of Allensworth and Harr- 
ison seem to resemble our cases clinically, electro- 
physiologically, and pathologically, they did not have 
the same electrophysiological and pathological find- 
ings in the ventricle. Frederiksen et al stated that in 
familial amyloidosis, “Case reports show a high 
degree of uniformity within each family, whereas the 
symptoms may vary considerably from one family to 
another.’”? We agree, and we believe that the most 
important finding in our series was that amyloid 
deposition mainly affected the atrium rather than the 
ventricle or other organs and caused atrial standstill. 


References 


1 Allensworth DC, Rice GJ, Lowe GW. Persistent atrial 
standstill in a family with myocardial disease. Am J 
Med 1969;47:775-84. 

2 Harrison WH, Dernc JR Atrial standstill: a review, and 
presentation of two new cases of familial and unusual 
nature with reference to epicardial pacing in one. 
Angiology 19693;20:610~7. 

3 Combs DT, Bellaci HF, Shively HH, Gregoratos G. 
Persistent atrial standstill. Am J Med 1974,56:231—6. 

4 Kyle RA, Baynd ED. Amyloidosis: review of 236 cases. 
Medicine (Baltimore) 1975;54:271-99. 

5 Buja LM, Khoi MB, Roberts WC. Clinically significant 
cardiac amyloidosis. Am J Cardol 1970;26:394—405. 

6 Andrade C. A peculiar form of peripheral neuropathy 
Familial atypical generalized amyloidosis with special 
involvement of the peripheral nerves. Bram 
1952;75.408-27. 

7 Arita M, Yamaguchi .M, Nagasue S. A family of 
myocardiopathy with marked bradycardia. Shinzo 
1970;2:59—68 [in Japanese]. 

8 Kurokawa A, Kurita A, Kasa: G, Kimura E. Persistent 
atrial standstill: report of three cases. J Electrocardiol 
1975;8.357—62. 

9 Bayne BJ, Chandramouli B, Cancilla PA, Lauer RM. 
Famuhal prolonged atrial standstill presenung in 
infancy. J Pediatr 1980;97:953-6. 

10 Williams DO, Smith BS, Nagle RE, Jones EL. Familial 
atrial cardiomyopathy with heart block. Q J Med 
1972,41:491—502. 

11 Benson MD, Cohen AS. Generalized amyloid in a 
family of Swedish origin. Ann Intern Med 
1977,86:419—24. 

12 Frederiksen T, Gotzsche H, Harboe N. Familial 
primary amyloidosis with severe amyloid heart dis- 
ease, Am J Med 1962;33:328-48. 

13 Ridolf RL, Bulkley BH, Hutchins GM. The conduction 
system in cardiac amyloidosis. Am J Med 1977; 
62:677-86. 

14 Thomas NJ. Pathology of the cardiac conduction sys- 
tem in amyloidosis. Ann Intern Med 1966,65:28—36. 


Br Heart J 1988,59:501-5 


Case reports 


Triggered activity as a mechanism of recurrent 
ventricular tachycardia 


ANIL K BHANDARI, ROBERT A HONG, SHAHBUDIN H RAHIMTOOLA 


From the Section of Cardiology, Department of Medicine, LAC-USC Medical Center, University of Southern 
Califorma School of Medicine, Los Angeles, Califorma, USA 


SUMMARY ‘Triggered activity was shown to be the likely mechanism of recurrent tachycardia in a 
28 year old Vietnamese man. During baseline electrophysiological testing the tachycardia was 
induced consistently by prolonged atrial or ventricular pacing but not by premature extrastimuli. 
Moreover, the tachycardia coupling intervals varied directly with the cycle length of the initiating 
drive. Procainamide and propranolol did not suppress tachycardia, but verapamil terminated it and 
prevented its reinitiation. The origin of the tachycardia was localised to the left ventricular 
inferoapical segment and four direct current countershocks of 200 J each delivered via an electrode 
catheter abolished the tachycardia. During 12 months of follow up the patient was not treated with 


antiarrhythmic agents and the tachycardia did not recur. 


Triggered activity resulting from delayed after- 
depolarisations has been demonstrated in isolated 
human or canine cardiac tissue under conditions of 
digitalis toxicity,'* catecholamine superfusion, * and 
acute myocardial infarction." In these preparations, 
pacing can induce sustained rhythmic activity that 
results from repetitive triggered activity in which the 
mechanism is not reentry. Although sporadic case 
reports have attempted to implicate triggered activity 
as a mechanism of cardiac arrhythmias in man, t? 
convincing proof that it causes arrhythmias is still 
lacking. 

We report a young patient in whom recurrent 
ventricular tachycardia was probably caused by 
triggered activity and was successfully controlled by 
ablation with an electrode catheter. 


Case report 


A 28 year old Vietnamese man with chronic schizo- 
phrenia was admitted to our medical centre in 
September 1986 because he had had recurrent pal- 
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pitation since the age of 24. Palpitation occurred one 
to three times a month and was associated with 
dizziness, vomiting, and presyncope. Repeated elec- 
trocardiograms during palpitation showed a wide 
complex tachycardia at a rate of 180—200 beats/ 
minute with a QRS configuration of right bundle 
branch block and a frontal plane axis of — 45°. The 
patient was not taking cardiac or psychotropic 
medications. An electrophysiological study in 1983 
showed that the tachycardia was ventricular in 
origin. Propranolol, lignocaine, and procainamide 
did not prevent the induction of ventricular 
tachycardia, but intravenous verapamil suppressed 
it. Despite maintenance treatment with high dose 
verapamil (480 mg/day) and then with diltiazem (360 
mg/day) the patient had several recurrences of symp- 
tomatic ventricular tachycardia over the next two 
years and required frequent admissions to hospital. 
Therefore, he was admitted electively so that he 
could be assessed for ablation of ventricular 
tachycardia by percutaneous electrode catheter. The 
patient was a well developed young man with a heart 
rate of 70 beats/minute and systemic arterial blood 
pressure of 110/70 mm Hg. Physical examination 
was normal. The baseline electrocardiogram was 
normal except for minor T-wave inversion in leads 
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III and aVF. An M mode and cross sectional 
echocardiogram, radionuclide angiography, and a 
right heart catheterisation showed no abnormality. 


ELECTROPHYSIOLOGICAL STUDY 
After he gave his informed consent, an electro- 
physiological study was performed while he was 
fasting and unsedated. Four quadripolar electrode 
catheters were positioned at the high lateral right 
atrium, His bundle region, coronary sinus, and right 
ventricle. Surface leads V1, I, and aVF and the 
intracardiac electrograms were displayed on a VR-12 
oscilloscope (Blectronic for Medicine) and recorded 
at a paper speed of 100 mm/s. Programmed stimula- 
tion was performed with a programmable stimulator 
(Bloom and Associates) with pulse duration of 2 ms 
and a current strength of twice diastolic threshold. 
The coupling interval for ventricular tachycardia 
was defined as an interval from the earliest ven- 
tricular activation of the last paced QRS complex to 
that of the first beat of induced ventricular tachycar- 
dia. The relation between ventricular tachycardia 
coupling intervals and the initiating drive length was 
analysed by linear regression. 


Results 


The baseline atrio-His (AH) interval was 90 ms and 
the His-ventricle (HV) interval was 40 ms. There was 
no evidence of dual atrioventricular nodal pathways 
or nodoventricular accessory pathways. Program- 
med stimulation induced a sustained ventricular 
tachycardia that had the same configuration as the 
clinical ventricular tachycardia. The diagnosis of 
ventricular tachycardia was confirned by the 
presence of fusion beats and complete atrioven- 
tricular dissociation, and by the absence of a His 
deflection preceding the QRS complexes. 


INDUCTION AND TERMINATION 
CHARACTERISTICS 

The ventricular tachycardia was induced consis- 
tently after or during 10—20 seconds of atrial pacing at 
cycle lengths ranging from 400 to 340 ms (fig 1). 
Pacing at shorter cycle lengths resulted in atrioven- 
tricular nodal Wenckebach block and failed to induce 
ventricular tachycardia. After administration of 
intravenous atropine 0-4 mg, atrioventricular nodal 
Wenckebach cycle length decreased from 330 to 270 
ms, and ventricular tachycardia could now be 
induced by atrial pacing at cycle lengths of 330—270 
ms (fig 1). Induction of ventricular tachycardia was 
never preceded by the development of fascicular or 
right bundle branch block, which makes the 
involvement of bundle branches in the tachycardia 
circuit unlikely. Incremental right ventricular pacing 
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(pre-atropine) at cycle lengths from 350 to 220 ms 
also consistently induced clinical ventricular 
tachycardia. In contrast, atrial extrastimuli never 
initiated ventricular tachycardia. A single ventricular 
extrastumulus induced ventricular tachycardia on 
only two occasions with a V, V, of 320 ms and 280 ms, 
respectively and ventricular tachycardia was never 
induced with two or three double ventricular extra- 
stimuli. 

The coupling intervals of induced ventricular 
tachycardia seemed to vary directly with the initiat- 
ing paced cycle lengths. As the atrial drive length 
decreased from 400 to 270 ms, the coupling intervals 
shortened from 330 ms to 235 ms. À similar shorten- 
ing was seer during ventricular overdrive pacing but 
did not reach statistical significance (fig 2). The cycle 
length of induced ventricular tachycardia ranged 
from 270 to 310 ms and seemed to depend upon the 
initiating drive length. A precise determination of 
this relation. however, could not be obtained because 
of spontaneous variations of 10 to 30 ms in the cycle 
length of induced ventricular tachycardia. The 
average cycle length of ventricular tachycardia was 
310 ms at initiating (atrial or ventricular) drive 
lengths of 300 to 400 ms, 290 ms at drive lengths of 
260 to 290 ms, and 270 ms at drive lengths of 250 ms 
or less (fig 1). 

Right ventricular overdrive pacing (cycle lengths 
260 to 220 ms) consistently terminated ventricular 
tachycardia but single and double ventricular extra- 
stimuli failed to terminate or reset the ventricular 
tachycardia. Rapid atrial pacing had no effect on the 
tachycardia. Ventricular tachycardia was never 
entrained during atrial or ventricular pacing. 

After isoproterenol infusion (2 ug/min) the sinus 
cycle length decreased from 560 to 340 ms and there 
was a spontaneous induction of clinical ventricular 
tachycardia with a cycle length of 250 ms. The 
ventricular tachycardia could not be terminated by 
overdrive pacing and the termination required dis- 
continuation of isoproterenol and administration of 
10 mg of intravenous verapamil. After verapamil 
sustained ventricular tachycardia could still be 
induced, but its cycle length had lengthened from 
250 ms to 420 ms. The ventricular tachycardia could 
no longer be induced after infusion of an additional 
10 mg of intravenous verapamil. 


TACHYCARDIA MAPPING AND ABLATION 

Electrode catheter mapping! during induced ven- 
tricular tachycardia localised the site of earliest 
endocardial activation to the left ventricular 
inferoapical region. At this site endocardial activa- 
tion occurred 20 ms before the onset of ventricular 
activation on the surface electrocardiographic leads. 
Fragmented electric potentials were not noted at any 
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Figl Atrial induction of ventricular. tachycardia (VT). VT was induced during atrial pacing at cycle lengths of 400, 370, 
340, and 270 ms (a-d). During induced VT the QRS complexes were not preceded by His deflection, and there was complete 
atrioventricular dissociation. Note that the VT coupling intervals (CI) vary directly with the atrial paced cycle length 
(PCL). The CI was 330 ms at PCL of 400 ms (a), 260 ms at PCL of 370 ms (b), 250 ms at PCL of 340 ms (c), and 240 ms 
at PCL of 270 ms (d). The recordings also show the dependency of VT cycle length on the im drive . The VT 
cycle length was 300 ms at PCL of 370 ms (b), 290 ms at PCL of 340 ms (c), and 270 ms at PCL of 270 ms (d). Recordings 
include surface leads V1, I, and aVF and bipolar electrograms from the high right atrium (HRA), the region of the His 
bundle ( HBE), the coronary sinus (CS), and right ventricle (RV). Heavy time lines represent 1 s. S, atrial stimulus; H, His 


bundle deflection. 


site in the ventricles. Catheter ablation of the ven- 
tricular tachycardia was achieved under thiopentone 
sodium (pentothal) anaesthesia with four direct 
current countershocks of 200 J each at the site of the 
earliest endocardial activation. The distal catheter 
pole acted as a cathode and the posterior electrode 
pad (R-2 industries) as an anode. This did not 
suppress the inducibility of ventricular tachycardia 
but the cycle length of induced ventricular tachy- 
cardia lengthened from 310 to 420 ms. 


After ablation creatine kinase peaked at 1515 U/l 
with a 14% MB isoenzyme fraction. The electrocar- 
diogram showed 3-5 mm ST-segment elevation in 
leads II, III, and aVF, and a cross sectional echocar- 
diogram showed moderate hypokinesia of the left 
ventricular inferior wall; both abnormalities resolved 
three days later. Subsequently, he had an uncom- 
plicated hospital course. One week later, repeat 
electrophysiological testing was performed, during 
which ventricular tachycardia could no longer be 
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Fig2 Relation of paced cycle lengths with the coupling 
intervals of ventricular tachycardia induced during atrial 
(a) and ventricular (b) overdrive pacing. See text for 
explanation. 


induced either before or after administration of 
isoproterenol (1 to 4 ug/minute), despite the use of 
incremental pacing and three extrastimuli at two 
right ventricular sites. 

The patient was discharged home without anti- 
arrhythmic treatment, and he has not had palpitation 
during a follow up of 12 months. 


Discussion 


MECHANISM OF VENTRICULAR TACHYCARDIA 

"Tachycardias reproducibly initiated and terminated 
by programmed stimulation may be caused by reen- 
try or triggered activity. Several findings suggest that 
triggered activity was the mechanism of ventricular 
tachycardia in our patient. First, the ventricular 
tachycardia was induced consistently by atrial and 
ventricular incremental pacing, but not by premature 
stimuli. Second, the ventricular tachycardia coupling 
intervals varied directly with the cycle length of the 
initiating paced drives. 'Third, the ventricular 
tachycardia showed considerable sensitivity to the 
effects of catecholamines: ventricular tachycardia 
became easier to induce, faster in rate, and more 
difficult to terminate after administration of 
isoproterenol. Fourth, the rate of ventricular 
tachycardia seemed to depend upon the cycle length 
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of the initiating drive. This relation was seen for 
ventricular tachycardia induced by both atrial and 
ventricular pacing. Finally, the ventricular tachycar- 
dia was successfully terminated and suppressed by 
verapamil, whereas procainamide and propranolol 
were ineffective. 

These findings are atypical of reentry and when 
taken together are best explained by triggered 
activity.” Under experimental conditions, sustained 
tachycardias caused by triggered activity have been 
shown to be induced more readily by prolonged 
incremental pacing than by extrastimuli."* Triggered 
activity was induced by prolonged overdrive pacing 
in 83% of ouabain perfused isolated canine Purkinje 
fibres, in 39% of fibres by a single extrastimulus, and 
in 48% of fibres by double extrastimuli Unlike 
reentrant arrhythmias in which the ventricular 
tachycardia coupling intervals are inversely related to 
the initiating drive length,” the coupling intervals of 
triggered tachycardias have been demonstrated to 
vary directly with the cycle length of the initiating 
drive.’ * This relation may be more complex when 
triggered arrhythmias are induced by short drive 
lengths. Under these conditions, the coupling 
intervals may shorten or lengthen, depending on 
whether the first or second delayed afterdepolarisa- 
tion attains threshold and initiates sustained 
tachycardia? The responsiveness of ventricular 
tachycardia to verapamil also accords with the ionic 
mechanism of triggered-activity; which is thought to 
be mediated by an enhanced inward slow channel 
current carried by calcium.” None the less, none of 
the above criteria is specific enough reliably to 
differentiate triggered rhythm from other mechan- 
isms and, therefore, a reentrant mechanism, although 
unlikely, cannot be excluded in our patient. 

Previous data on triggered activity causing clinical 
arrhythmias are scarce. Zipes et al reported three 
patients in whom atrial pacing consistently induced 
ventricular tachycardia; triggered activity was the 
suspected mechanism in one patient.’ Belhassen et al 
suspected triggered activity in a patient with 
recurrent sustained ventricular tachycardia in whom 
verapamil terminated ventricular tachycardia and 
prevented its reinitiation.’ Similarly, Lin et al 
reported four patients and Ward et al five patients" 
with recurrent ventricular tachycardia in whom 
ventricular tachycardia was induced by overdrive 
pacing, extrastimuli, or both, and was terminated or 
slowed by calcium antagonists. Like our patient, 
these patients had no identifiable heart disease, and 
the QRS complexes during ventricular tachycardia 
had a right bundle branch block configuration and 
left axis. In most of these patients, the tachycardia 
characteristics seemed to be those of reentry rather 
than the triggering. In no patient did the ventricular 
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tachycardia coupling intervals progressively decrease 
or the ventricular tachycardia rate increase as the 
initiating drive length was shortened. The patient 
reported by us is the first who met the proposed 
electrophysiological criteria for triggered activity." 
There is also controversy on whether this form of 
verapamil-sensitive ventricular tachycardia origin- 
ates in the region of left posterior fascicle or in the 
ventricular myocardium. In the five patients repor- 
ted by Ward et al, the HV intervals ranged from + 15 
to —20 ms, and they suggest a fascicular origin for 
_ the tachycardia.’ In our patient, the ventricular 
tachycardia was probably myocardial in origin 
because His deflections could not be recorded during 
ventricular tachycardia, and the mapping studies 
localised the tachycardia in the inferoapical segment 
of the left ventricle. 
Percutaneous catheter ablation has been reported 
to be an effective treatment in patients with drug 
resistant ventricular tachycardia, which has a reen- 
trant mechanism.” * The case we report shows that 
sustained ventricular tachycardia caused by a trig- 
gered mechanism may also be responsive to this 
technique. For reasons that are unclear, the ven- 
tricular tachycardia could be induced immediately 
after delivery of four direct current counter shocks, 
„but could no longer be induced during repeat electro- 
physiological testing one week later. Moreover, the 
patient has stayed free of recurrent palpitation during 
a follow up of 12 months. It could be that healing at 
the site of catheter ablation in the first week led to a 
late resolution of the inducibility of ventricular 
tachycardia. This, however, could not be confirmed. 


This study was supported by a grant from the 
General Clinical Research Centers Program of the 
Division of Research Resources, National Institute 
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Acute myocardial infarction after a wasp sting 


ELIZABETH JONES,* MJOY 
From St Peter’s Hospital, Chertsey, Surrey 


SUMMARY A 56 year old man with ischaemic heart disease and known allergy to wasp venom was 
stung in the mouth by a wasp and within four hours sustained an acute myocardial infarction. This 
complication has been described on only three previous occasions. Possible pathogenic mechan- 
isms include the anaphylactic reaction itself, the action of wasp venom constituents, and 


therapeutic intervention with adrenaline. 


Anaphylaxis after an insect sting usually presents as 
hypotension, bronchospasm, and laryngeal oedema. 
Electrocardiographic changes,'? chest pain,‘ and 
three instances of acute myocardial infarction"—two 
in North America and one in Sweden—have been 
described. We report a case of myocardial infarction 
complicating a wasp sting in the United Kingdom. 


Case report 


A 56 year old man was stung in the mouth by a wasp 
in a glass of lager. Within two minutes he became 
acutely breathless and experienced tight central chest 
discomfort. He had a history of urticaria after a 
previous wasp sting. Three years before he had had 
an uncomplicated inferior myocardial infarction but 
a subsequent exercise electrocardiogram had sugges- 
ted multivessel disease. Two years later he had 
undergone three vessel coronary artery bypass graft- 
ing although he was symptom free at this time. He 
had remained symptom free after operation and hada 
good exercise tolerance. 

When he arrived at an accident and emergency 
department 40 minutes after being stung he was 
restless and hypotensive (systolic blood pressure 65 
mm Hg). Periorbital oedema was evident. An elec- 
trocardiogram (figure a) showed abnormal Q waves 
in leads II, III, and aVF, which had been recorded on 
earlier electrocardiograms and were consistent with 
the previous inferior myocardial infarction. There 
was early acute ST-segment elevation both in these 
leads and in the chest leads V2-V5. Treatment for 
anaphylactic shock was started with hydrocortisone, 
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chlorpheniramine, and subcutaneous adrenaline; he 
improved. The electrocardiographic changes were 
not recognised and he was discharged home. He 
experienced no further chest pain but was referred 
for further assessment 10 days later with fatigue, 
breathlessness, and weight gain. On examination the 
blood pressure was 95/60 mm Hg with a heart rate of 
82 beats/min. The venous pressure was raised with 
an 8 cm V wave and a distinct third heart sound was 
heard. An accelerated iodiojunctional rhythm with 
right bundle branch block and changes typical of a 
substantial transmural anterior myocardial infarc- 
tion were recorded. He subsequently reverted to 
sinus rhythm but abnormal Q waves persisted in 
leads V2—V5 (figure b) and the T waves in II and 
aVF (that had previously been upright) remained 
inverted. À multiple gated acquisition study showed 
a dilated left ventricle, an immobile interventricular 
septum, and a left ventricular ejection fraction of 0-22 
(normal 20-60). Cardiac catheterisation showed 
poor left ventricular function and thrombosis of all 
three grafts with occlusion of the left anterior descen- 
ding artery. Before operation this vessel had been 
severely narrowed proximally. Anterior and inferior 
myocardial infarction was confirmed by exercise 
thallium myocardial scintigraphy. 


Discussion 


The patient's symptoms immediately after the wasp 
sting are attributable either to anaphylaxis or to acute 
myocardial ischaemia or to both. Subsequent events, 
however, confirmed that he had an acute anterior 
myocardial infarction, with possible extension of a 
previous inferior infarction, at or around the time of 
the wasp sting, and it is tempting to suggest a cause 
and effect relation. Subsequent coronary angiogra- 
phy suggested that the infarction was caused by 
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Figure. Blectrocardiogram of patient four hours after wasp sting, showing tiv. pread inferior and 
anteroseptal ST-segment elevation (a). Resolution had occurred 11 days later (b) but the appearance of 
abnormal Q/QS waves suggested that a transmural anterior myocardial infarction had occurred. 


occlusion of the left anterior descending artery or the 
graft to this vessel or possibly both. Without a 
postoperative angiogram it is impossible to know 
when graft occlusion occurred. If one or more grafts 
were already partially occluded, the haemodynamic 
events at the time of the wasp sting might have 
sufficiently reduced coronary blood flow to facilitate 
thrombosis, but other pathogenetic mechanisms are 
likely to have been operating. 


'The reaction to a wasp sting can be prolonged or 
severe in allergic individuals and in some cases 
anaphylaxis may ensue, with urticaria, circulatory 
collapse, and bronchospasm. This is the result of a 
sequence of events including the release of serotonin 
and histamine and the formation of leukotrienes,’ 
some of which are potent coronary vasoconstrictors 
in various animal species." ° Many pharmacologically 
active constituents of wasp venom have been isolated 
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including histamine, serotonin, dopamine, 
noradrenaline, and a bradykinin-like' substance 
which may itself induce histamine release.” Endogen- 
ous secretion of adrenaline and noradrenaline is 
stimulated by histamine and serotonin. All these 
substances can provoke myocardial ischaemia either 
via profound hypotension or by increasing myocar- 
dial oxygen demand through direct inotropic or 
chronotropic effects in the presence of a com- 
promised myocardial blood supply. 

Platelet aggregation 1s induced by serotonin" and 
adrenaline." * Adrenaline also accelerates thrombus 
formation in animals and in man, possibly by 
increased factor V activity,” '* and has been shown in 
animals to release a thromboplastin-like substance 
from the walls of blood vessels.” It causes both 
coronary vasodilatation and increased myocardial 


oxygen demand by direct inotropic and chronotropic: 


effect. It has been used historically as a provocation 
test for angina pectoris and is often used in.the 
treatment of anaphylactic shock. In two previously 
reported cases of acute myocardial infarction after 
wasp stings, chest pain occurred after the administra- 
tion of adrenaline and diagnostic electrocardiograms 
were subsequently obtained.’ In our patient chest 
pain occurred within minutes of the sting but before 


adrenaline was given. But the possibility remains that ` 


the myocardial infarction was precipitated by 
exogenous adrenaline, and it is conceivable that the 
sting and the infarction were not related. 

Acute myocardial infarction after an insect sting is 
rare, only three unequivocal cases have been reported 
world wide.’ Since numerous electrocardiographic 
changes have been reported in association with 


anaphylaxis and after insect stings in subjects with- . 


out evidence of coronary artery disease,’ the elec- 
trocardiogram at presentation is unlikely to be help- 
ful in predicting which patients are at risk of myocar- 
dial ischaemia. It would thus seem reasonable to use 
adrenaline with caution in those with a history that is 
suggestive of coronary insufficiency, although adren- 
aline should not be withheld in this life threatening 
situation. 


Jones, Joy 


We thank Dr Michael Webb-Peploe of St Thomas’s 
Hospital for performing the angiography. 
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Coronary artery aneurysms and myocardial 
infarction: adult sequelae of Kawasaki disease? 


S] D BRECKER, HH GRAY, P J OLDERSHAW 
From the Cardiac Department, Brompton Hospital, London 


SUMMARY Coronary artery aneurysms developed in a 43 year old man who had suffered an acute 
myocardial infarction at the age of 30. In childhood he had had an illness that was consistent with 
Kawasaki disease, and it is suggested that the proximal discrete aneurysms and myocardia! 


infarction may be the adult sequelae of this. 


The arteriographic appearance of a coronary artery 
aneurysm is of localised dilatation of the vessel 
between two segments that are of normal calibre. 
Coronary artery aneurysms are not uncommon: they 
were found in 1:494 of necropsies performed in 
patients over the age of 16 years.’ They are usually 
arteriosclerotic in origin,? but may be congenital, 
occur after injury, dissection, or infection, or be 
caused by polyarteritis nodosa. Mycotic and syph- 
ilitic coronary aneurysms are well described but 
more recently an additional possibly infective source 
has been recognised. Kawasaki disease was first 
described in 1967 in South West Japan as an acute 
febrile mucocutaneous syndrome with lymphoid 
involvement and desquamation of the fingers and 
toes in infants and young children.? Coronary artery 
involvement is a prominent feature of Kawasaki 
disease and an important cause of death. The 
underlying pathological finding is an arteritis; and 
coronary aneurysms, ectasia, stenosis, and occlusion 
are all well recognised sequelae.? * 


Case report 


A 43 year old male ambulance driver was referred for 
investigation of atypical chest pain. At the age of 
eight he had suffered a systemic, febrile illness with 
generalised lymphadenopathy, a mucocutaneous 
eruption, and alopecia. He had been in hospital for 
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two months but no further details of this illness were 
available and no clear diagnosis was made. 

He remained well until 1974 when, at the age of 
30, he was admitted to hospital with an acute ante- 
roseptal myocardial infarction confirmed on serial 
electrocardiograms and by cardiac enzyme activity, 
He made an uncomplicated recovery, and sub- 
sequent concentrations of fasting serum lipids were 
normal. 

He remained well until 1986, when he was referred 
to the Brompton Hospital for investigation of atypi- 
cal chest pain. He had been adopted and could give 
no family history, had never smoked, and had no 
history of venereal disease. He was normotensive 
and there were no abnormal physical signs. 

An electrocardiogram was consistent with an old 
anteroseptal myocardial infarction. He completed 12 
minutes of the standard Bruce protocol with a nor- 
mal pulse rate and blood pressure response and no 
changes suggestive of myocardial ischaemia. A chest 
x ray and routine haematological, biochemical, and 
serological profiles were entirely normal. Cross sec- 
tional echocardiography showed two circular echo- 
dense areas approximately 1 cm in diameter in the 
region of the proximal left and right coronary arte- 
ries. 

Cardiac catheterisation was performed and 
fluoroscopic screening demonstrated a circular thin 
rim of calcification just distal to the tip of the coro- 
nary catheter when this was engaged in the left coro- 
nary ostium (fig 1). Selective coronary arteriography 
in different projections further defined this lesion 
and showed that it was closely associated with the 
proximal left anterior descending artery and moved 
with it during the cardiac cycle. Tbe left anterior 
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Fig 1 X ray in the left anterior oblique projection showing brachial coronary catheter engaging the left 
main stem coronary artery. There is a circular ring of calcification (arrowed), just distal to the tip of the 
catheter, 





Fig 2 Selective contrast injection of the left coronary artery via a brachial catheter in the left anterior 
oblique projection. Contrast is seen to run through the circular ring of calcification (arrowed). 


Coronary artery aneurysms and myocardial infarction: adult sequelae of Kawasaki disease? 


oblique view (fig 2) was selected because it demon- 
strated the calcification most clearly, although in this 
view it seemed to overlie the left main stem. There 
was a slight irregularity of the left anterior 
descending artery at the same site, but otherwise the 
left coronary artery was normal. There was a similar 
fine, eggshell rim of calcification around the prox- 
imal right coronary artery that was clearly seen on 
fluoroscopy but was difficult to reproduce photo- 
graphically. This lesion was also attached to the 
artery, which was itself mildly irregular at the same 
site. Apart from some slight distal ectasia the 
remaining right coronary artery was normal. Left 
ventricular wall movement was normal on cine- 
angiography, with no evidence of previous 
infarction. 

No specific treatment was started because the 
patient's symptoms had largely resolved; at follow 
up after six months he remained symptom free. 


Discussion 


The aetiology of this patient's coronary aneurysms 
cannot be determined with certainty, but there was 
strong circumstantial evidence of a childhood illness 
suggestive of Kawasaki disease. This is supported by 
the unusual appearance of the aneurysms which are 
not typical of those occurring in atherosclerosis. The 
irregularly narrowed lumen together with the sur- 
rounding eggshell rim of calcification resembles 
lesions found in Kawasaki disease.? In addition, this 
patient had no risk factors for atherosclerosis, and 
there was no evidence for trauma, dissection, poly- 
arteritis nodosa, syphilis, or congenital abnormal- 
ities being the underlying aetiology. 

We suggest that the likely sequence of events in 
this patient was that coronary aneurysms formed 
after Kawasaki disease in childhood and that sub- 
sequent thrombus formation may have occurred 
within the sac of the left anterior descending artery 
aneurysm. Subsequent temporary occlusion of the 
artery at this point, or distal embolisation from the 
thrombus, could have caused the myocardial 
infarction. 

Although it was first reported in 1967, Kawasaki 
disease is thought to have occurred endemically 
before then and is now known to occur both 
endemically and epidemically in children of all 
races in Asia, North America, and Europe.” ? The 
coronary arteries are affected in 15-25", of 
cases, resulting in the development of aneurysmal 
or ectatic segments. Coronary insufficiency and 
myocardial infarction. are known to occur after 
Kawasaki disease.” '° 

The prevalence of Kawasaki disease is increasing, 
with over 67 000 cases reported in Japan, A nation- 
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wide epidemic was observed in Japan in April 1979, 
a second in 1982, and the third was reported during 
the winter of 1985-6.'' The epidemiological pat- 
terns of the disease suggest an infectious aetiology by 
an unknown agent, possibly a retrovirus. ^ 

Many types of treatment have been used in 
Kawasaki disease but none is entirely effective. A 
standard treatment for the associated arteritis has 
been aspirin. Newburger er alt’? concluded from a 
multicentre randomised trial that high dose intra- 
venous y globulin is effective in reducing the inci- 
dence of coronary artery abnormalities if given early 
in the course of the illness. 

We believe that our patient had Kawasaki disease 
as a child and that his early myocardial infarction and 
coronary aneurysms are a consequence of this. 
Similar cases have been reported,'* but never with 
strong circumstantial evidence of the childhood ill- 
ness, or such unusual angiographic appearances. If 
the prevalence of the condition rises in the United 
Kingdom, as has happened in the United States and 
Japan, then such sequelae may become more 
familiar. 
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Dehiscence of an atheromatous plaque at an aortic 
valve commissure: an unusual cause of acute aortic 


regurgitation 


CK MOK, JOHN WLTSO, M AUNG KHIN 
From the Division of Cardiothoracic Surgery, Department of Surgery, University of Hong Kong, Grantham 


Hospital, Hong Kong 


SUMMARY A 78 year old man underwent aortic valve replacement because of acute aortic 
regurgitation and intractable heart failure. At operation the intact commissure between the left and 
right coronary cusps of a grossly normal aortic valve was found to have separated from the aortic 
wall. Histopathological examination of the surgical specimen showed that the site of separation was 
an atheromatous plaque. This is believed to be the first report of this feature. 


Severe aortic regurgitation of acute onset is usually 
caused by aortic dissections or infective endocarditis. 
Rarely, blunt chest injury and straining can lead to 
avulsion of a “normal” aortic valve resulting in acute 
aortic valve incompetence.'? We describe an unusual 
cause- of acute aortic regurgitation precipitated by 
dehiscence of an atheromatous plaque et one of the 
commissures of a previously normal aortic valve. We 
believe that this feature has not been reported before. 


Case report 


During a routine visit to his family doctor, a 78 year 
old man with mild diabetes mellitus was found to 
have a cardiac murmur suggestive of aortic regurgita- 
tion. The murmur had not been noted by his family 
physician before. There was no history of chest 
injury or straining. Three weeks later exertional 
dyspnoea developed and he was admitted to a general 
hospital. Severe aortic regurgitation and pulmonary 
oedema were diagnosed. He was managed with 
diuretics and digoxin for six days without 
improvement and was referred to us for considera- 
tion of aortic valve replacement. 

On admission, he was found to be in a poor general 
condition with features of left heart failure and severe 
aortic regurgitation. His electrocardiogram showed 
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sinus rhythm and a pattern suggestive of left ven- 
tricular hypertrophy. His chest radiograph showed 
features of pulmonary oedema. Cross sectional 
echocardiography showed a mildly dilated left ven- 
tricle and a normal sized right ventricle with normal 
contractions. The anatomy of the aortic and mitral 
valves was normal. In view of his poor condition, 
he was intubated and ventilated mechanically. 
Emergency cardiac catheterisation and cineangio- 
cardiography were planned to exclude aortic dissec- 
tions. During cardiac catheterisation, he went into a 
low output state and the procedure was abandoned 
after an aortogram showed a normal ascending aorta 
and severe aortic regurgitation. He was transferred 
directly to the operating theatre and put on 
cardiopulmonary bypass. 

At operation, the ascending aorta was normal 
externally. The aortic wall was thin and appeared to 
be normal. The aortic valve was tricuspid with 
normal looking cusps. There was no macroscopic 
calcification of the aortic valve or at the aortic 
sinotubular junction. The intact commussure bet- 
ween the left and right coronary cusps was separated 
from the aortic wall (fig 1). There was no evidence of 
infective endocarditis or aortic dissections. The 
aortic valve was replaced with a 27 mm Medtronic- 
Hall aortic prosthesis. He withstood the operation 
well and was returned to the intensive care unit in a 
satisfactory condition. He had one tarry stool on the 
first postoperative day and endoscopy of the upper 
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Figl Photograph at operation showing a normal appearance of aortic root. The intact commissure between the right and left 
coronary cusps had dehisced from the aortic wall (black arrow). There was no calcification at the aortic sinotubular junction. 





Fig2 (a) Macroscopic appearance of the surgically excised aortic valve cusps and the dehisced commissure showing their 
normal appearance. (b) Microscopic appearance of a section cut perpendicular to the detached commissure. This shows a 
hyalinised fibrotic mass with an irregular area of lipid deposition, cholesterol clefts, foamy macrophages, and fibroblasts at the 
ragged edge of the site of separation. Fibrinous masses and small blood clots are also present on the surface. (Haematoxylin and 
eosin. Original magnification * 100.) 


An unusual cause of acute aortic regurgitation 


gastrointestinal tract failed to show the source of 
bleeding. During the subsequent two days he 
remained haemodynamically stable with a satisfac- 
tory urinary output. Oliguria developed on the 
fourth postoperative day and peritoneal dialysis had 
to be started on the fifth postoperative day. He ran a 
downhill course with features of adult respiratory 
distress syndrome, hepatic failure, and fulminating 
septicaemia. He died cight days after aortic valve 
replacement. Necropsy was refused by his family. 

Histopathological examination of the excised 
aortic valve (fig 2) showed a hyalinised fibrotic mass 
underneath the commissure between the left and 
right coronary cusps with an irregular area of lipid 
deposition, cholesterol clefts, foamy macrophages, 
and fibroblasts. At the site where the commissure 
separated from the aortic wall, fibrinous masses and 
small blood clots were also present on the surface. 
Calcification or degenerative aortic disease was not 
seen. Elastic van Gieson stain showed absence of 
medial elements at the site of dehiscence and 
evidence that might indicate a localised aortic dissec- 
tion. Apart from moderate fibrotic thickening and 
mild patchy mucinous change, the valve cusps 
showed no abnormality. These features were in 
keeping with ulceration and rupture of an 
atheromatous plaque at that site. 
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Discussion 


It is commonly known that atheromatous plaques on 
the aorta may lead to thinning of the media beneath 
the plaques; weakening of the aortic wall, and 
aneurysm formation; or formation of mural throm- 
bus over ulcerated areas, with embolisation to more 
distal radicles of the arterial system.* Detachment of 
an atheromatous plaque with distal embolisation is 
also well documented. To the best of our knowledge, 
however, detachment of an atheromatous plaque 
leading to aortic regurgitation has not been reported 
before. The present case shows that this can occur. 
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Notices 





British Cardiac Society 


The Autumn Meeting will be held at the Wembley 

Conference Centre, London, on 22 to 24 November 

1988, and the closing date for receipt of abstracts will 

be 1 July 1988. . 

. The Annual General Meeting for 1989 will take 
place in Oxford on 6 and 7 April 1989, and the closing 

date for receipt of abstracts will be 6 January 1989. 
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Preventive cardiology 


The 2nd International Conference on Preventive 
Cardiology will be held in Washington, DC, on 18 to 
22 June 1989. For details write to: Secretariat, 2nd 
International Conference on Preventive 

9650 Rockville Pike, Bethesda, MD 20814, USA. 
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Thallium scintigraphy in patients with angina at rest 


RJELEE, G MacKENZIE,* W MCNAIR, NPS CAMPBELL, AAJ ADGEY 
From the Regional Medical Cardiology Centre, Belfast, and the *Department of Community Medicine, Queen’s 


University of Belfast, Royal Victoria Hospital, Belfast 


SUMMARY Sixty six patients with angina at rest were investigated by exercise electrocardiography, 
thallium scintigraphy, and coronary arteriography. A positive exercise electrocardiogram was 
highly predictive (93%) but poorly sensitive (52%) of coronary artery disease (250% stenosis). 
Thallium scintigraphy was as predictive of the presence of coronary artery disease (91%) but was 
also highly sensitive (91%). The diagnostic contribution of the thallium scan was greatest in those 
patients with an inconclusive exercise electrocardiogram without Q waves. 


The investigations recommended for patients with 
angina at rest vary from the conservative and 
expectant! to the highly invasive. The invasive 
approach may be appropriate in selected patients 
referred to specialist cardiology centres after 
evaluation elsewhere, particularly when there is 
compelling evidence of ischaemic heart disease. Most 
clinicians managing rest pain, however, do not have 
easy access to coronary arteriography. Furthermore, 
a considerable minority of patients investigated 
because of chest pain seem to be free of ischaemic 
heart disease.’ * For these reasons and because of the 
smali but real risk in coronary arteriography, a non- 
invasive test that could be applied widely outside 
specialist centres to patients with rest pain is 
attractive. Ideally, such a test would predict 
accurately the presence or absence of ischaemic heart 
disease. Thallium scintigraphy at the time of exercise 
testing is a well established non-invasive test of 
myocardial perfusion.’ This study considers its value 
in the investigation of patients with rest pain. 


Patients and methods 


In our cardiac unit between August 1982 and July 
1983 we examined 124 consecutive patients aged 
<70 years who were admitted urgently because of 
angina at rest.? In this paper we review the 66 patients 
who received exercise electrocardiography, thallium 
scintigraphy, and coronary arteriography. 

All patients had spontaneous chest pain at rest that 
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was typical of angina pectoris; they were free of 
serious intercurrent disease and gave their informed 
consent. All patients were treated initially with bed 
rest and conventional medical treatment (nitrates, fl 
blockers, or calcium antagonists) and all became pain 
free soon after admission. 

The treadmill exercise test was symptom limited 
and followed the Bruce or Naughton-Balke protocol; 
it was usually performed 3-10 days after admission to 
hospital. f Blockers were stopped in 20 of 57 patients. 
In all cases the exercise test was completed safely. 
"The results of the test were regarded as positive if 
there was 21 mm planar or downsloping ST 
segment depression in three consecutive complexes 
or zlmm depression of an upsloping ST segment 80 
ms after the J point; as negative if 95% of the 
maximum predicted heart rate was attained without 
diagnostic ST segment change; and as inconclusive if 
the patient failed to attain 85% of the maximum 
predicted heart rate in the absence of a diagnostic 
change in the ST segment. 

The thallium scintigraphy was performed in com- 
bination with the exercise test in all cases. About one 
minute before maximum stress 55-5 MBq thallium- 
201 was injected into an arm vein. After six minutes’ 
rest, images were obtained consecutively in the 
anterior, left anterior oblique 45°, and left anterior 
oblique 70° projections. The images were collected 
for 10 minutes in each projection by an Ohio 420 
mobile gammacamera with a high resolution 
collimator with a 25% window centred on the 80 keV 
peak. Late images were collected in the same way two 
and a half hours later. All images were stored on 
floppy discs and interpreted later by two experienced 
Observers who were unaware of the diagnosis. The 
images were said to be positive (reperfusion, fixed 
defect, or both) or negative (no defect). If the two 
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observers did not agree a third observer also analysed 
the images. 

Coronary arteriography with left ventriculography 
was carried out according to Judkins’ technique not 
more than three months after the non-invasive tests. 
No new cardiac event occurred in the interim. No 
adverse events were associated with the procedure. 
The studies were interpreted blindly by one 
observer. A study was said to be positive for coronary 
artery disease when there was a >50% stenosis in a 
major vessel or a major branch of a major vessel. 


Results 


We studied 48 men and 18 women (mean age 55 
(range 35-69) years). Fifty eight patients had had 
previous episodes of angina and 24 had electro- 
cardiographic Q waves. 


EXERCISE ELECTROCARDIOGRAPHY 

Thirty (45%) patients had a positive exercise 
electrocardiogram, six (10%) a negative test, and 30 
(45%) an inconclusive test. 


THALLIUM SCINTIGRAPHY 
Thallium scintigraphy was positive in 54 (82%) and 
negative in 12 (18%) patients. 


CORONARY ARTERIOGRAPHY 

Coronary artery disease (250% stenosis) was 
present in 54 (82%) patients—15 single, 17 double, 
and 20 triple vessel disease. À further two patients 
had left main stem stenosis with triple vessel disease. 
Of 12 patients with normal coronary arteries, four 
had another lesion detected by ventriculography: one 
left ventricular hypertrophy, one hypertrophic 
obstructive cardiomyopathy, and two mitral valve 
prolapse. 


EXERCISE ELECTROCARDIOGRAPHY VERSUS 
CORONARY ARTERIOGRAPHY (Table 1) 

The arteriogram was positive in 28 of the 30 patients 
with a positive exercise electrocardiogram, in two of 
the six patients with a negative exercise electro- 
cardiogram, and in 24 of the 30 patients with an 
inconclusive exercise electrocardiogram. Thus the 
sensitivity of the exercise electrocardiogram for 
coronary artery disease was 52% (95% confidence 


interval 39%-65% ) and its specificity was 33% (95% ' 


confidence interval 6%-50%). The predictive 
accuracy of a positive exercise electrocardiogram 
for the presence of coronary artery disease was 
93% (95% confidence interval 84%-100%). The 
predictive accuracy of a negative exercise electro- 
cardiogram for the absence of coronary artery disease 
was 67% (95% confidence interval 29%-100%). 
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THALLIUM SCINTIGRAPHY VERSUS CORONARY 
ARTERIOGRAPHY (table 1) 

The arteriogram was positive in 49 of the 54 patients 
with a positive thallium scan and in five of the 12 
patients with a negative scan. Thus the sensitivity of 
the thallium scan for coronary artery disease was 
91% (95% confidence interval 83%-100%) and the 
specificity was 58% (95% confidence interval 30%- 
86%). The predictive accuracy of a positive scan for 
the presence of coronary artery disease was 91% 
(95% confidence interval 83%-99%). The predic- 
tive accuracy of a negative scan for the absence of 
coronary artery disease was 58% (95% confidence 
interval 30%-86%). 


B BLOCKADE AND THE EXERCISE 
ELECTROCARDIOGRAM 
Thirty seven patients were receiving f blockers at the 
time of exercise testing. Of these, 17 (46%) had a 
positive exercise electrocardiogram, two (595) a 
negative test, and 18 (4995) an inconclusive test. Of 
the 26 patients not on £ blockers at the time of testing, 
11 (38%) had a positive exercise electrocardiogram, - 
three (1195) a negative test, and 12 (46%) an 
inconclusive test. We do not know whether three 
patients were or were not taking fl blockers at the time 
of testing. ; 

There was no significant difference in the 
proportion of patients with a definite exercise 
electrocardiogram result on or off fl blockers. 


OUTCOME OF TESTING IN PATIENTS WITH AND 
WITHOUT Q WAVES . 

Patients witk abnormal Q waves 

Of the 24 patients with abnormal Q waves on their 
resting electrocardiogram, 11 (46%) had a positive 
exercise electrocardiogram, one (4%) a negative test, 
and 12 (50%) an inconclusive test. All but one patient 
(who had a positive exercise electrocardiogram) had a 
positive thallium scan and all 24 patients had a 


Table 1 Results of exercise electrocardiography, thallsum 
scintigraphy, and coronary arteriography 1n 66 patients with 
angina at rest 


Exercise electrocardwgraphy 
Positrve I Negatros 
(30) (30) (6) 
Pos Neg = Pos Neg Pos Neg 
scinugraphy 25 5 25 5 4 2 
perse d arterio- 
y 
eave 24 4 23 1 2 0 
N 1 1 2 4 2 2 
Totals 25 5 25 5 4 2 
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positive arteriogram: four single vessel, eight double 
vessel, 11 triple vessel, and one left main stem 
stenosis (with triple vessel disease) (table 2). 

The sensitivity of the exercise electrocardiogram 
for coronary artery disease was 46% (95% 
confidence interval 36%—-56%) and the specificity 
was 0%. The predictive accuracy of a positive 
exercise electrocardiogram for the presence of 
coronary disease was 100%, and the predictive 
accuracy of a negative test for the absence of disease 
was 0%. 

The sensitivity of the thallium scan for coronary 
artery disease was 96% (95% confidence interval 
88%-100% ) and its specificity was 0%. The predic- 
tive value of a positive thallium scan for the presence 
of coronary disease was 100%, and that of a negative 
scan for the absence of disease was 0%. 


Patients without abnormal Q waves 
Of the 42 patients without abnormal Q waves on their 
resting electrocardiogram, 19 (45%) had a positive 
exercise electrocardiogram, five (12%) had a negative 
test, and 18 (43%) had an inconclusive test. There 
were 31 (7495) patients with a positive thallium scan 
and 11 (26%) with a negative scan. Thirty patients 
had coronary artery disease: 11 single vessel, nine 
double vessel, nine triple vessel, and one left main 
stem stenosis (with triple vessel disease) (table 3). 

The sensitivity of the exercise electrocardiogram 
for detecting coronary artery disease was 57% (95% 
confidence interval 48°%-66% ) and its specificity was 
33% (95% confidence intervals 595-6095). The 
predictive value of a positive exercise electro- 
cardiogram for coronary disease was 89% (95% 
confidence interval 82%-96%). The predictive value 
of a negative exercise electrocardiogram for the 
absence of coronary disease was 80% (95% 
confidence interval 63°%-97%). 

The sensitivity of the thallium scan for coronary 
artery disease was 87% (95% confidence interval 


Table2 Results of exercise electrocardiography, thallium 
scintigraphy, and coronary arteriography m 24 patients with 
angina at rest and Q waves 








Exercise electrocardiography 
Positive Inconclusroe Negative 
(11) (12) (1) 
Pos Neg Pos Ne Pos Neg 
scintigraphy 10 1 12 0 1 0 
Coronary arterio- 
graphy 
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81%-93%) and its specificity was 58% (95% con- 
fidence interval 44%-72%). The predictive accuracy 
ofa positive scan for the presence of coronary disease 
was 84% (95% confidence interval 779—919). The 
predictive accuracy of a negative scan for the absence 
of coronary disease was 64% (95% confidence 
interval 4994—799, ). 

In the subgroup of patients without Q waves and 
with an inconclusive exercise electrocardiogram the 
thallium scan had a sensitivity for coronary disease of 
92% (95% confidence interval 8495-1009). The 
specificity was 66% (95% confidence interval 47%— 
85%). The predictive value of a positive scan for 
coronary disease was 85% (95% confidence interval 
75%-95%). The predictive value of a negative scan 
for the absence of disease was 80% (95% confidence 
interval 62%-98%). 


Discussion 


Up to 30% of patients with typical cardiac chest pain 
do not have ischaemic heart disease.* For this reason 
investigation of such patients to confirm or exclude a 
cardiac aetiology is important. It is perhaps self 
evident that Q waves on the electrocardiogram are 
diagnostic of ischaemic heart disease and such was 
the case in this study. Even when this clue is present, 
an exercise test is often arranged to assess exercise 
capacity, the degree and direction of ST segment 
shift, or the presence of ventricular extrasystoles. 
Also although thallium scintigraphy may be 
performed at rest’ or during rest pain, the best 
results are obtained with exercise.’ 

Nixon et al have shown that submaximal exercise 
testing is useful and safe in the evaluation of unstable 
angina.’ In our study maximum exercise testing was 
performed safely 1n all patients. Some patients were 
taking f blockers, but there was no significant 
difference in the proportion of conclusive exercise 


Table3 Results of exercise electrocardiography, thalhum 
scintigraphy, and coronary artertography in 42 patients with 
angina at rest and no Q waves 





* Bxerase electrocardiography 
Positive Inconclustoe — Negative 
(19) (18) (5) 
Pos Neg | Pos Neg Pos Neg 
"Thallrum 
scinugraphy 15 4 13 5 3 2 
Coronary arterio- 
graphy 
uve 14 3 11 1 1 0 
Negauve 1 I 2 4 2 2 
Totals 15 4 13 5 3 2 
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electrocardiograms obtained in those patients who 
were taking fi blockers and those who were not. 

We found that a positive exercise test was highly 
predictive of ischaemic heart disease (93%) and that 
to a lesser degree (6795) a negative test predicted the 
absence of ischaemia. In these patients the thallium 
scintigram contributed little diagnostic information. 
A sizeable minority of patients with an inconclusive 
exercise test (30, 45%) remained, In these patients 
the thallium scan predicted the presence or absence 
of ischaemic heart disease in 27 (90%) of the 30 
patients. In the 18 patients with an inconclusive 
exercise electrocardiogram without Q waves the 
thallium scan predicted the presence or absence of 
ischaernic heart disease in 15 (83%). 

We conclude that maximal exercise testing may be 
performed safely in patients with rest pain soon after 
stabilisation on medical treatment. Thallium 
scintigraphy is a valuable diagnostic adjunct to the 
exercise electrocardiogram especially in those 
patients with inconclusive exercise tests and without 
electrocardiographic Q waves. 
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The dobutamine stress test as an alternative to 
exercise testing after acute myocardial infarction 
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SUMMARY Three weeks after myocardial infarction in 50 patients the effect of the infusion of a 
graded dose of dobutamine was compared with that of symptom limited treadmill exercise testing. 
The following variables were measured: blood pressure, heart rate, ST segment changes, Doppler 
aortic blood flow, and cross sectional echocardiographic dimensions. The heart rate and double 
product increased more during exercise than during dobutamine infusion, while maximum 
acceleration in the ascending aorta increased more during dobutamine infusion than during 
exercise. Significant ST depression was recorded in 22 patients during exercise and in 24 during 
dobutamine infusion; the concordance between the two tests was 8895. In all cases in which ST 
segment depression occurred in both tests the site of ST depression was the same. Dobutamine 
stress testing is an alternative to exercise testing in patients after myocardial infarction. 


Exercise stress testing has an established place in the 
assessment of patients after acute mycardial infarc- 
tion.' Many patients complete an exercise test with- 
out difficulty and gain encouragement from their 
performance. A sizeable minority, however, are not 
able to perform an adequate test because of anxiety, 
poor motivation, peripheral vascular disease, or 
musculoskeletal or neurological disorders. Further- 
more, imaging techniques such as echocardiography 
cannot usually be performed satisfactorily during- 
exercise. 

Methods other than exercise have been developed 
to induce ischaemia in patients with ischaemic heart 
disease, including dipyridamole thallium imaging,’ 
atrial pacing,‘ and inotropic stimulation with 
isoprenaline, dopamine, or dobutamine." Few 
reports, however, examine the value of inotropic 
stimulation as a method of testing for residual 
ischaemia in patients after infarction. 

We have studied the electrocardiographic and 
haemodynamic effects of graded doses of intravenous 
dobutamine in patients early after acute myocardial 
infarction and have compared these changes with 
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those occurring during exercise testing in the same 
patients. 


Patients and methods 


PATIENTS 

Exercise and dobutamine stress tests were performed 
three weeks after acute myocardial infarction in fifty 
patients (mean (SD) age 56 (5), range 35-69). Nine 
(18%) of the patients were women. The diagnosis of 
acute myocardial infarction was based on at least two 
of three criteria: (a) a history of chest pain suggestive 
of myocardial ischaemia persisting for at least 30 
minutes; (b) evolution of new pathological Q waves or 
persistent ST-T wave changes suggestive of non-Q 
wave infarction; (c) a rise in the concentrations of 
aspartate transaminase, hydroxybutyrate dehydro- 
genase, or creatine kinase to at least twice the upper 
limits of the reference ranges. The resting electrocar- 
diogram showed anterior infarction in 16 patients, 
inferior in 22, lateral in four, true posterior in two, 
and non-Q wave infarction in six. Three (6%) 
patients had a history of a previous myocardial 
infarction. Patients with bundle branch block or non- 
ischaemic valvar heart disease were excluded. 
Patients were randomly selected for the study before 
the exercise test and their written consent was 
obtained. 
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'BXERCISE STRESS TESTING | 

Three weeks after myocardial infarction patients 
performed symptom limited treadmill exercise 
testing according to the Bruce protocol. A 12 lead 
electrocardiogram was recorded before exercise, at 
the end of each stage, and at peak exercise. Leads II, 
V2, and V5 were monitored continuously. Blood 
pressure was measured in the right arm by sphyg- 
momanometry at the same time as the electrocar- 
diogram was recorded. The double product, heart 
rate X systolic blood pressure, was calculated at rest 
and at peak exercise. A positive test was defined by 
the development of z 1 mm of horizontal or down- 
sloping ST segment depression 80 ms after the J 
point in any lead except aVR. 

Stroke volume and cardiac output were deter- 
mined by transcutaneous continuous wave Doppler 
ultrasound and M mode echocardiography as 
previously described.* Blood flow in the ascending 
aorta was measured from the suprasternal notch by a 
bidirectional continuous wave Doppler blood 
velocity meter (Bach Simpson BVM 202 transmit- 
ting at 22 MHz or Quinton Exerdop transmitting at 
3-0 MHz) The systolic velocity integral and the 
maximum acceleration were obtained from the aortic 
blood velocity signals recorded at rest and at peak 
exercise.? The cross sectional area of the aortic root 
was measured at rest by M mode echocardiography. 
The average systolic aortic root diameter was deter- 
mined from the M mode recordings by planimetry.'* 

Exercise was continued until one of the following 
end points developed: (a) >3 mm ST segment 
depression 80 ms after the J point; (b) a fall in the 
systolic blood pressure of >10 mmHg; (c) the 
development of chest pain, dyspnoea, fatigue, 
dizziness, or leg cramps. 


DOBUTAMINE STRESS TESTING 

Dobutamine stress testing was undertaken on the day 
after the exercise test. After a control period 
dobutamine was infused via an intravenous cannula 
placed in a vein in the left forearm. We increased the 
dose from 5 ug/kg/min up to a maximum of 20 ug/kg/ 
min in steps of 5 ug/kg/min. Six to eight minutes after 
the start of each dose we recorded a 12 lead 
electrocardiogram, blood pressure, and Doppler 
aortic blood flow measurements. 

Cross sectional echocardiographic studies were 
performed during the control period and during the 
peak dobutamine infusion rate with a Xonics 5500D 
or Hewlett-Packard 77020A system with a 3-5 MHz 
transducer. Whenever possible, multiple images 
were obtained in the parasternal long axis and short 
axis (mitral valve and papillary muscle levels) views 
and the apical two and four chamber views. Images 
were recorded on to video tape and were analysed by 
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an expert independent observer who was unaware of 
the other test findings. For quantitative analysis the 
left ventricle was divided into 16 segments according 
to a modified version of the convention described by 
Gibson et al." Segmental wall motion was deter- 
mined by the observer's impression of the inward 
movement of the endocardium and the degree of 
myocardial thickening during systole. Each wall 
segment was assigned a number corresponding to the 
wall motion analysis: —1 = hyperkinetic, 0 = 
normal, | = hypokinetic, 2 = akinetic, and 3 = 
dyskinetic. The sum of the segmental scores was 
divided by the number of segments seen and a wall 
motion score index was thus derived. For the study to 
be regarded as acceptable, the same segments had to 
be imaged both at rest and during stress. 

Dobutamine infusion was continued until one of 
the following end points: (a) development of =3 mm 
S'T segment depression, (b) development of chest 
pain or dyspnoea, (c) development of frequent or 
complex ventricular arrhythmias, (d) attainment of 
the peak dose (20 ug/kg/min). 

Patients stopped taking f blocking agents for at 
least 48 hours before the exercise test. Patients taking 
calcium antagonists, nitrates, or diuretics continued 
their medication throughout the studies. 


CARDIAC CATHETERISATION 

Cardiac catheterisation was carried out by either the 
Judkins’ or Sones’ technique within four weeks of the 
stress tests in 26 patients in whom there was a clinical 
indication for  catheterisation — (post-infarction 
angina, ST depression on exercise, or poor blood 
pressure response to exercise). The angiograms were . 
evaluated by an experienced observer who was 
unaware of the other test findings. Disease was 
regarded as significant if there was a stenosis of 
250% in the left mainstem coronary artery or 
>70% in the other vessels. Disease in the branches 
of left anterior descending, circumflex, and right 
coronary arteries was classified as disease of the main 
vessel, : 


STATISTICAL ANALYSIS 

Two tailed Student's r tests, paired when 
appropriate, were used to test for statistically 
significant differences in the continuous variables 
that we measured. The y? test was used for discrete 
variables. The mean and standard errors of the mean 
are shown; a value of at least p « 0-05 was regarded as 


significant. 
Results 


HAEMODYNAMIC RESPONSES 
Technically acceptable Doppler studies of aortic 
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blood velocity were obtained in 38 patients during 
exercise and dobutamine administration. The table 
shows the haemodynamic responses to exercise and 
dobutamine. Systolic blood pressure, heart rate, 
double product, maximum acceleration, and cardiac 
output at peak exercise and peak dobutamine 
infusion rates were significantly higher than control 
values. Peak exercise produced a significantly greater 
increase in heart rate than peak dobutamine (68% vs 
44%, p « 0-001) Similarly, peak exercise produced a 
greater increase in double product than peak 
dobutamine (107% vs 77%, p « 0-001). In contrast, 
the increase in maximum acceleration in the ascend- 
ing aorta was significantly greater with dobutamine 
than with exercise (118% vs 5195, p « 0-001). 


ST SEGMENT CHANGES 

Significant ST segment depression was recorded in 
22 patients during exercise and in 24 during 
dobutamine infusion; the concordance between the 
two tests was 88% (p « 0-01): 


Dobutamine 

-~ve +ve 
Exercise — ve 24 4 
+ve 2 20 


In all cases in which ST segment depression occurred 
in both tests, the site of S'T depression was the same. 
S'T segment depression started in one patient at 5 ug/ 
kg/min, in 10 at 10 ug/kg/min, in 10 at 15 ug/kg/min, 
and in three at 20 yg/kg/min of dobutamine. The 
heart rate at the onset of mnportant ST segment 
depression was significantly lower for dobutamine 
(93 (4) min) than for exercise (117 (6) min) (p<0 01). 
No patient had downsloping ST depression on 
dobutamine, though two patients developed down- 
sloping ST depression during the recovery phase 
after exercise. In 10 patients with an exercise time of 
less than three minutes, 7 (70%) also failed to reach 
the maximum dobutamine dose because of chest pain 
or ST depression. Fifteen (94%) of the 16 patients 
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who developed significant ST depression before 
three minutes of exercise again failed to reach the 
maximum dobutamine dose because of ST depres- 
sion. 


WALL MOTION ABNORMALITIES DURING 
DOBUTAMINE INFUSION 
Technically acceptable cross sectional echocardio- 
grams were obtained during control tests and at peak 
dobutamine infusions in 41 patients. In 20 patients 
the wall motion score index was higher at peak 
dobutamine infusion than during the baseline test, 
indicating increased wall motion abnormality. There 
was a significant association between the change in 
wall motion score index (WMST) and the presence of 
significant S'T segment depression at peak exercise 
(p«0-01). 

WMSI WMSI same 


less or more 
No ST segment depression 17 4 
ST segment depression 3 17 


In patients with no ST segment changes mean wall 
motion score index was lower at peak dobutamine 
infusion (0-44 (0-13)) than at baseline (0-71 (0-08)), 
p<0-01. In patients with significant ST depression, 
there was an increase in mean wall motion score 
index, though this did not reach statstical sig- 
nificance (0-80 (0-12)) at peak dobutamine ws 0:63 
(0-12) baseline). Three of the four patients with no 
ST segment depression but an increase in wall 
motion score index had widespread electrocardio- 
graphic abnormalities at rest caused by multiple 
previous infarctions. 


CATHETERISATION DATA 

Catheterisation data were available in 25 patients. 
Thirteen had three vessel disease, six had two vessel 
disease, and six had single vessel disease. Three of the 
patients with triple vessel disease had no significant 
ST changes during the dobutamine test; the remain- 
ing ten all showed a positive electrocardiographic 
response to dobutamine. All three patients with 
triple vessel disease but without ST changes on 


Table Haemodynamic data (mean ( SE)) during exercise and dobutamine infusion m 38 panents three weeks after acute 





myocardial snfarction 
p value for on between 
Exercise Dobutammne exercise and Ine tests 

Data Rest Peak Control Peak Rest Peak 
Systolic BP (mm Hg) 122 (3 3) 150 (4 6)* 127 (2 9) 153 8 8)* NS NS 
Heart rate (beats/min) 81 (25) 136 (3-6)* 78 (2) 112 (3 6)* NS «0 001 
Double product (mm Hg/min x 10? — 99 6 (3 9) 206 4 (8 9)* 95 5 (3 0) 169 (6 9)* NS «0 001 

um acceleration (ms?) 15907 24 1 (4 0)* 17 3 (0 (07) 37-7 (3 3)* NS «0 001 
Stroke volume (ml) 68 (3 7) 65 (4 6) moun 744039) <005 «005 
Cardiac output (l/min) 5-0 (0:3) 85(07* 0 4 18(05* — «001 NS 





*p <0 05 for comparison between resting and peak values. 
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dobutamine had widespread electrocardiographic 
abnormalities at rest, and in all three there was a 
striking increase in wall motion abnormality shown 
by echocardiography during dobutamine stress, with 
a mean increase in wall motion score of 50%, 
compared with a 175% decrease in wall motion score 
in those patients without ST depression who did not 
have three vessel disease. The increase in blood 
pressure during dobutamine was significantly 
smaller in those with three vessel disease than in 
those known to have two or one vessel disease (10 (15) 
vs 26 (17) mm Hg, p « 0-02). 


ADVERSE REACTIONS AND COMPLICATIONS 
Neither exercise nor dobutamine infusion caused any 
serious complications or adverse reactions. Five 
patients experienced angina on exertion during 
exercise. . 

Dobutamine infusion was stopped before 20 ug/ 
kg/min in 20 patients for the following reasons: a 
sensation of pounding in the head in four (at 15 ug/ 
kg/min); chest pain in one (at 5 ug/kg/min); nausea in 
one (10 ug/kg/min); shortness of breath in two (at 10 
and 15 ug/kg/min); maximum heart rate for age and 
sex in three (at 15 ug/kg/min); systolic blood pressure 
7200 mm Hg in one (at 15 ug/kg/min); 3 mm ST 
segment depression in three (one at 10 and two at 15 
Hglkg/min) frequent or complex ventricular 
extrasystoles in two (at 15 ug/kg/min); and >3 mm 
ST segment depression and complex extrasystoles in 
three (at 10 ug/kg/min). The onset of important 
ventricular extrasystoles started during dobutamine 
administration in eight patients; one patient had non- 
sustained uniform ventricular tachycardia of ten 
beats, four patients developed occasional ventricular 
couplets, and three developed >10 ventricular 
extrasystoles/minute at the peak dose. In seven out of 
the 50 patients the frequency of extrasystoles 
increased on exercise, but none had ventricular 
tachycardia. In no patient in whom the results of 
exercise and dobutamine were discordant with res- 
pect to ST depression was either test stopped because 
of adverse effects other than ST depression or chest 
pain. In all cases, the effects of dobutamine, in terms 
of heart rate, blood pressure, ST depression, and 
adverse effects (where these occurred) subsided very 
quickly, within one minute in most cases, without 
further treatment once the infusion was stopped. 


Discussion 


ST depression on exercise! and the haemodynamic 
response to exercise!^"* are valuable in the detection 
of multivessel disease and in predicting mortality in 
patients after acute myocardial infarction. T'he value 
of the exercise test is, however, limited in a substan- 
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tial minority of patients by anxiety or pre-existing 
musculoskeletal, neurological, or pulmonary disease. 
The value of the test is also limited in those with 
widespread electrocardiographic abnormalities at 
rest, because in these patients the electrocardiogra- 
phic changes may be modified, and imaging tech- 
niques are difficult to perform during exercise. While 
several alternative and often excellent techniques 
have been developed to allow stress testing and 
cardiac imaging without exercise in patients with 
ischaemic heart disease, including the dipyridamole- 
thallium test,?? exercise radionuclide ventriculogra- 
phy,'^* and atrial pacing-echocardiography,* these 
tests are not widely used because of the specialised 
equipment and expertise that they require. Such tests 
cannot usually be performed in the district general 
E: to which most patients with acute myocar- 

dial infarction are admitted. The advantage of the 
test that we have described is that it requires only 
simple, familiar equipment. In nearly all of our 
patients, there was concordance between the 
occurrence of ST changes on dobutamine and during 
exercise, and so the tests may be regarded as 
providing similar information. 

We also found that, although this was not an 
essential part of the test, in some patients echocar- 
diography could be performed easily during 
dobutamine infusion and did provide extra informa- 
tion: in the three patients without significant ST 
changes during dobutamine in whom triple vessel 
disease was demonstrated, there was a striking 
increase in wall motion abnormality during 
dobutamine infusion. In these three patients any ST 
changes on exercise were obscured by widespread 
ST abnormalities at rest caused by previous infarc- 
tion; doburamine infusion with echocardiography 
may thus provide a non-invasive technique for 
identifying three vessel disease in such patients. It 
must be emphasised, however, that in many patients 
detailed echocardiographic analysis of wall motion is 
not feasible and also that assessment of wall motion is 
subjective. Considerable expertise is needed to detect 
small changes in wall motion and such changes are 
probably not reliable enough to be of much value in 
practice. In cases in which there are considerable 
changes, however, useful conclusions may be drawn. 
The dobutamine stress test may also prove to be of 
value when combined with other forms of cardiac 
imaging, such as radionuclide studies. 

Although the use of inotrope infusion tests to 
induce myocardial ischaemia in patients’ with 
ischaemic heart disease has been reported before," 
experience in the early post-infarction period is 
limited. Berthe et al have recently shown that cross 
sectional echocardiography with dobutamine testing 
was better than pre-discharge submaximal bicycle 
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exercise testing for the detection of three vessel 
disease after infarction.. We found that the 
dobutamine test was also of value three weeks after 
acute infarction when symptom limited treadmill 
exercise was performed. 

We were able to examine in more detail the 
mechanism of ischaemia during dobutamine 
infusion. The double product was lower during 
dobutamine administration since although the 
systolic blood pressure increased to a comparable 
extent, the increase in heart rate was less on exercise. 
Maximum acceleration, on the other hand, increased 
to a much greater extent during dobutamine infusion 
than during exercise. The ischaemia produced 
during dobutamine infusion therefore seems to be 
caused predominantly by an increase in the inotropic 
state rather than through an increase in heart rate (as 
itis during exercise). In this small study we have not 
been able to assess fully the ability of the dobutamine 
stress test to assist in distinguishing between patients 
with triple vessel disease and those with single and 
double vessel disease in the same way in which this is 
sometimes possible with exercise.'* None the less, as 
with exercise testing, those with triple vessel disease 
did have a smaller increase in blood pressure during 
the dobutamine test than those without three vessel 
disease. Furthermore, the only patient with very 
early onset ST depression on dobutamine had severe 
three vessel disease; but none of those in whom ST 
depression occurred late (at a dose of 20 ug/kg/min) 
had triple vessel disease. Seven out of the ten patients 
who were unable to complete more than three 
minutes of exercise also developed ischaemia before 
the maximum dobutamine dose, and fifteen of the 
sixteen patients who developed ST depression 
within the first three minutes of exercise developed 
ischaemia before the maximum dose of dobutamine 
was reached. No downsloping ST depression was 
seen with dobutamine, though this could have been 
partly because the effects of dobutamine were more 
short lived than the effects of exercise, so that the 
same degree of ischaemia did not develop. Although a 
larger study would be needed to establish 
the discriminatory power of the dobutamune test for 
identification of three vessel disease, these prelimin- 
ary results suggest that the dobutamine test would be 
at least as good as exercise. 

In conclusion, we found that the use of graded 
doses of dobutamine infusion in patients three weeks 
after myocardial infarction produced changes in ST 
segment and blood pressure that resembled those 
that occurred on treadmill exercise. It seems that 
ischaemia 1s induced by increased inotropism during 
this test, despite the smaller increase in heart rate 
than on exercise. The test is economical and requires 
only familiar, widely available equipment. Some 
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arrhythmias are induced, however, so that the test 
may not be suitable in patients with a tendency to 
arrhythmia; full resuscitation facilities should be 
available when the test is performed. Dobutamine 
stress testing is a possible alternative to exercise 
testing in patients after myocardial infarction. 


DM was supported during this study by Eli Lilly and 
Company, England. 
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Cost benefit analysis of early thrombolytic treatment 
with intracoronary streptokinase 

Twelve month follow up report of the randomised 
multicentre trial conducted by the Interuniversity 
Cardiology Institute of The Netherlands 
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From the Working Group on Thrombolytic Therapy in Acute Myocardial Infarction of the Interuniversity 
Cardiology Institute of The Netherlands 


SUMMARY The costs and benefits of early thrombolytic treatment with intracoronary streptokin- 
ase in acute myocardial infarction were compared in a randomised trial. All hospital admissions 
were recorded and the functional class was assessed at visits to the outpatient clinic during a 12 
month follow up of 269 patients allocated to thrombolytic treatment and of 264 allocated to 
conventional treatment. Mean survival during the first year was calculated for patients with 
inferior and with anterior infarction and adjusted for impaired quality of life in cases where there 
were symptoms or hospital admission. In patients with inferior infarction mean survival was 337 
days (out of a total follow up of 365 days) for patients allocated to thrombolytic treatment and 327 
days for controls. Quality adjusted survival was seven days longer in the thrombolysis group (307 vs 
300 days in controls). In patients with anterior infarction mean survival was significantly longer (35 
days) in the thrombolysis group than in the control group as was quality adjusted survival (38 days) 
(304 vs 266 days in controls). The gain in life expectancy with thrombolytic treatment was 0-7 years 
for patients with inferior infarction, 2-4 years for patients with anterior infarction, and 3-6 years for 
the subset of patients with large anterior infarction who were admitted within two hours of the 
onset of symptoms. The costs of medical treatment, including medication, hospital stay, cardiac 
catheterisation, coronary angioplasty, and bypass surgery, in the first year follow up were higher in 
patients allocated to thrombolytic treatment (an additional cost of Dfi 7000 in inferior and Dfi 9000 
in anterior infarction (£1 — Df 3-3)) than in conventionally treated patients. The additional costs 
per year of life gained were Dfl 10 000 in inferior infarction, Dfl 3 800 in anterior infarction, and 
only Dfl 1 900 in patients with large anterior infarction admitted within two hours of onset of 
symptoms. 

Intracoronary thrombolysis can be recommended as a cost effective treatment in patients with 
extensive anteroseptal infarction. 


In the randomised trial conducted by the Neth- 
erlands  Interuniversity Cardiology Institute, 
patency of the infarct related coronary artery was 
Requests for reprmts to Dr Maarten L Simoons, Thoraxcenter, BD 
434, Erasmus University, PO Box 1738, 3000 DR Rotterdam, The 
Netherlands. 
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achieved in 85% of the patients treated with 
intracoronary streptokinase. This result was 
associated with limitation of enzymatic infarct size, 
improvement of global and regional left ventricular 
function, and improved survival."* Non-fatal rein- 
farction, however, occurred more frequently and 
percutaneous transluminal coronary angioplasty or 
coronary artery bypass grafting were required more 
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often in patients allocated to thrombolytic treatment 
than in the control group.!? The improved survival 
after early thrombolytic treatment on one hand and 
the higher incidence of non-fatal complications in 
these patients make it difficult to assess the true value 
of thrombolytic treatment in acute myocardial infar- 
ction. To obtain a complete picture of total mortality 
and morbidity the functional status of each patient 
was recorded at regular intervals during one year 
follow up. Also the total medical costs were recorded 
for each patient. From these data mean survival was 
calculated and adjusted for impaired quality of life 
when there were symptoms or hospital admission. 
The additional costs of thrombolytic treatment per 
year of life gained were also calculated. 


Patients and methods 


Five hundred and thirty three patients entered the 
trial as described in an earlier report.’ Patients were 
eligible for the trial if they were admitted to one of the 
five participating coronary care units within four 
hours of the onset of chest pain with electrocar- 
diographic signs that were typical of myocardial 
infarction. Two hundred and sixty four patients were 
allocated to conventional treatment and 269 to 
thrombolytic treatment. Of the latter patients, 152 
were allocated to intracoronary streptokinase and 117 
to intracoronary streptokinase preceded by intraven- 
ous streptokinase. Patients allocated to thrombolytic 
treatment were asked for their informed consent. 
Patients who refused consent or patients in whom 
thrombolytic treatment was withheld for other 
reasons received conventional treatment, but were 
included in the analysis on the basis of the intention 
to treat.’ Acute coronary angiography was performed 
in 234 patients allocated to thrombolytic treatment. 
If the infarct related coronary artery appeared to be 
occluded, intracoronary streptokinase (usually 
250 000 U) was given. In the second part of the study 
intravenous streptokinase (500 000 U) was given 
before angiography to reduce treatment delay. In 46 
patients with severe residual stenosis of the infarct 
related coronary artery, coronary angioplasty was 
attempted as part of the recanalisation procedure. 


After catheterisation patients allocated to throm-' 


bolytic treatment had the same treatment protocol as 
the control group.' The location of the infarct was 
defined as anterior if there was S'T segment elevation 
in leads V1 to V4 and as inferior if there was ST 
segment elevation in leads II, III, and aVF. When 
there was ST segment elevation in leads I, aVL, V5 
and V6, the infarct was defined as anterior, unless ST 
segment elevation was also present in leads II, III, 
and aVF or ST segment depression was present in 
leads Vi to V4. In the latter case the infarct was 
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defined as inferior. The XST on the electrocar- 
diogram was defined for anterior infarcts as the sum 
of ST segment elevation in leads I, aVL, and V1 to 
V6 and that for inferior infarcts was defined as the 
sum of ST segment elevation in leads I, IT, III, aVL, 
aVF, V5 and V6, and ST segment depression in leads 
V1 to V4. 

All patients were followed at the outpatient clinic 
for at least a year after admission. The following data 
were recorded: 

(a) functional class (New York Heart Association). 
on the day of each visit to the outpatient clinic*; 

(b) all hospital admissions, including day of admis- 
sion, day of discharge, and reason for admission; 

(c) functional class before hospital admission and 
functional class at discharge; and 

(d) day and cause of death and functional class before 
death (if a patient died). 

From these data the functional state of each patient 
was defined every week as the lowest of mutually 
exclusive classifications: class I (New York Heart 
Association criteria), not in hospital; class II, not in 
hospital; class III, not in hospital; class IV, not in 
hospital; in hospital; or dead. 

Functional class was assumed to have changed 
halfway between two subsequent visits to the out- 
patient clinic unless known otherwise. The mean 
number of days spent in each category was calculated 
for all patients. Mean survival was calculated for each 
group of patients as the mean time between admis- 
sion to the study and death or the end of follow up 
(one year) Survival was adjusted for impaired 
quality of life according to the number of days spent 
in class II-IV or in hospital, as described in the 
results. Life expectancy was estimated by the 
“DEALE” method.?" The mortality rate was 
assumed to be 6% per year for patients alive at the 
end of follow up. Mean life expectancy was calculated 
for subsets of patients in both treatment groups as the 
interval from admission to the study to death for 
those who died during follow up and as 16-7 years 
(mean survival at a mortality rate of 6% per year) plus 
the duration of follow up for those who were alive at 
the end of follow up. 

The costs of medical treatment the first year after 
acute myocardial infarction were calculated, taking 
into account the number of days in hospital, the 
increased costs for stay in a coronary care unit or 
surgical intensive care unit, costs of acute coronary 
angiography including thrombolytic treatment with 
or without coronary angioplasty, costs of elective 
coronary angiography, elective coronary angioplasty, 
bypass surgery, and medication as prescribed at 
discharge or at the outpatient clinic. The costs of 
medication were based on average dosages of antiarr- 
hythmic drugs, platelet inhibitors, fj blockers, cal- 
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Tablel Baseline and follow up data ın a trial of intracoronary streptokinase 


All patients Inferior MI Anterior MI 

. C T p* C T p* C T p* 
————————————— ———— "———— ———————————————— S N 
Number of patients 264 269 148 139 116 130 
Men 224 217 123 110 101 107 
Age (median) 56 57 57 58 55 56 
Previous myocardial infarction 60 56 31 28 29 28 
Median admission delay (mm) 90 90 90 90 90 90 
Median cumulative HBDH release (U/T) 00 770 0 0001 970 670 0 007 1280 840 0 005 
Mean angiographic LVEF (day 10-40 (%)) 4 53 0 0001 49 57 0 0001 43 50 0002 
Total one year mortality 43 26 0-03 17 12 04 26 14 001 
Recurrent myocardial infarcuon 14 36 0001 9 26 0001 5 10 03 








MI, myocardial infarction, C, control group, T, thrombolysis group, HBDH, a hydroxybutyrate dehydrogenase, LVEF, left ventricular 
ejecuon fraction * Two tuled p values (Mann- -Whimey’s rank sum test or Fisher's exact text). 


cium antagonists, digoxin, diuretics, nitrates, other 
vasodilators, and the costs of anticoagulation treat- 
ment including regular coagulation tests. 

Differences between groups were tested by 
Fisher’s exact test, Mann-Whitney’s rank sum test, 
or Student's t test when appropriate. Two tailed p 
values are reported. 


Results 


One year follow up was complete in all 533 patients 
admitted to the trial, and the duration of follow up 
ranged from one to four years (mean two years). 
Baseline characteristics were distributed evenly bet- 
ween both treatment groups (table 1). Patients 
allocated to thrombolytic treatment showed a 30% 
limitation of infarct size estimated enzymatically 
(median hydroxybutyrate dehydrogenase release 770 
U/l vs 1100 U/I in controls, p = 0-0001), higher left 


ventricular ejection fraction by contrast angiography 
(53% vs 47%, p = 0-0001), improved one year 
survival (90% vs 84%, p = 0-03), and a higher 
incidence of non-fatal reinfarction (13% vs 5%, p = 
0-001). Mean hospital stay during the first year was 
similar in both treatment groups, although coronary 
angioplasty and bypass surgery were performed 
more frequently in the thrombolysis group (table 2). 

Figure 1 shows the proportion of patients in each 
functional class at weekly intervals during one year 
follow up. The survival of patients allocated to 
thrombolytic treatment was greater than that of the 
control group as is evident by the larger area 
occupied by the survivors. The mean survival and 
average number of days spend in each category were 
calculated (table 3). In the thrombolysis group more 
days were spent without symptoms (232 vs 210 days 
in controls, p = 0-08), as illustrated by the larger area 
of class I after thrombolysis in fig 1. There were 


Table 2 Hospital admissions, hospital stay, percutaneous transluminal coronary angioplasty, coronary artery bypass 
grafting, and cardiac catheterisations in all patients, in patients with inferior and anterior infarction, and in the subgroup of 
patients nth anterior infarction and extensive myocardial tschaemia adrmtted to the hospital within two hours of the onset of 


symptoms (see results) 








Anterior infarction 
LST212mV 
All patients Inferior MI Anterior MI admitted within 2 h 
C T C T C T C T 
Number of patients 264 269 148 139 116 130 50 45 
"Catheterisation + Sk 195 107 88 29 
Catheterization + Sk + PTCA 46 17 29 12 
Elective catheterization 205 199 120 99 85 100 35 38 
Recurrent MI 14 36 9 26 5 10 2 4 
Late PTCA 13 23 7 9 6 14 2 8 
CABG 32 44 21 22 11 22 1 4 
Other hospital admissions 74 75 41 39 33 36 18 16 
Days in hospital (general ward) 4562 4500 2521 2310 2041 2190 791 689 
Days m CCU 858 979 491 523 367 456 164 133 
Days m surgical ICU 64 88 42 44 22 44 2 8 


Sk, streptokinase; PTCA, percutaneous transluminal coronary angioplasty; CABG, coronary artery bypass grafting, CCU, coronary care 
unit; ICU, intensive care unit, ), ST: total ST segment elevation on the electrocardiogram made at admission to the trial 
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Control inferior Streptolanase inferior 


m+ I-IV 




















Months 


Figl Proportion of patients m each functional class during Fig2 Proportion of patients anth inferior infarction in each 
the first year after myocardial infarction. The shaded area functional class during the first year after myocardial 
represents admission to hospital. New York Heart infarction. See legend to fig 1. 

Association classes III and IV are combined. 


considerable differences in the efficacy of throm- without symptoms (class I) was scored as 100%. 
bolytic treatment between patients with anterior and Quality of life in class II was estimated as 90%, in 
those with inferior infarction. Mean survival atone class III or IV as 70%, and in hospital as 3095? So 
year follow up after inferior infarction was 10 days quality adjusted mean survival for patients with 
longer in the thrombolysis group than in the control inferior infarction was 307 days (out of 365 days) in 
group (p = 0-4) although those on thrombolysis the thrombolysis group and 300 days in the control 
spent fewer days without symptoms (225 vs 232 days . group (table 3). In patients with anterior infarction 
in controls, fig 2). In patients with anterior infarction quality adjusted survival was 38 days longer in the 
differences in survival between the two treatment thrombolysis group than in the controls (p = 0-008). 
groups were more pronounced than those in the The costs of medical treatment the first year after 
group with inferior infarction (fig 3). Mean survival myocardial infarction were based on 1984 prices at 
was 35 days longer in the thrombolysis group (p = the University Hospital Dijkzigt, Rotterdam. We 
0-02), and they had more days without symptoms included days spent in hospital (Dfl 600/day), days in 
(239 vs 183 days in controls, p = 0-002). a coronary care unit (Dfl 1500/day), days in a surgical 

To take account of the opposite trends in mortality ‘intensive care unit (Dfl 2500/day), costs of acute 
and morbidity, especially in patients with inferior cardiac catheterisation including thrombolytic treat- 
infarction, quality adjusted survival was calculated ment (DA 6200) or coronary angioplasty (Dfi 11 900), 
by estimating the impairment of the quality oflifeby ^ costs of elective catheterisation (Dfi 2600), elective 
symptoms or hospital admission. Quality of life ^ coronary angioplasty (Dfi 8300), bypass surgery (Dfi 


Table3 Mean number of days spent in the different functional classes or in kospital, quality adjustment for each situation 
= results), and quality adjusted survival for all patients admitted to the tricl and for patients with mferior or anterior 
infarction 














Quality adjusted data 
All patients Inferior MI — Anterior MI Quality All patients Inferior MIE Anterior MI 
———— Jjuxtment ae died ect s. eee, 
C T C T C T factor C T C T C T 
Class I 210 232 232 225 183 239 100 210 232 232 225 183 239 
Class II 63 66 59 76 69 56 0-90 57 59 53 68 62 50 
Class III-IV 14 9 10 8 19 10 0-70 10 7 7 6 13 7 
In hospital 26 27 26 28 26 27 0-30 8 8 8 8 8 8 
Mean survival (days) 313 334 327 337 297 332 285 306 (300 9 266 304 
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Fig3 Proportion of patients with anterior infarction in 
each functional class during the first year after myocardial 
infarction. See legend to fig 1. 


14 000), and medication prescribed during one year 
follow up (£1 = Dfi 3-3). Total costs of medical 
treatment the first year after myocardial infarction 
averaged Dfi 21 000 for inferior infarction and Dfi 
20 000 for anterior infarction in the control group, 
and Dfi 28 000 for inferior infarction and Dfi 29 000 
for anterior infarction in patients allocated to throm- 
bolytic treatment. The higher costs of patients 
allocated to thrombolytic treatment were mainly the 
result of acute catheterisation (table 4). 

Life expectancy was calculated by the DEALE 
method. ?" A mortality rate of 6% per year was 
assumed for patients who were alive at the end of 
follow up. This assumption was based on long term 
prognosis after myocardial infarction seen in several 
large studies.^* Thrombolytic treatment increased 
life expectancy (table 5), particularly in patients with 
anterior infarction (2:4 years). Additional costs per 
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year of life gained were Dfl 3800 in patients with 
anterior infarction and Df 10 000 in inferior infarc- 
tion. 

Subgroup analysis showed the largest limitation of 
enzymatic infarct size and greatest reduction in three 
month mortality by thrombolytic treatment in 
patients with high total ST segment elevation (EST 
2 1-2mV) admitted to the hospital within two hours 
of the onset of chest pain.* When this analysis was 
applied to life expectancy after myocardial infarction 
the effects of thrombolytic treatment were only 
apparent in patients with anterior infarction. Again, 
the greatest benefit was seen in patients with exten- 
sive myocardial ischaemia (EST > 1:2 mV), admit- 
ted to the hospital within two hours of the onset of 
symptoms. In this subgroup mean quality adjusted 
survival in the first year was 69 days longer in the 
thrombolysis group (310 vs 241 days in controls, p = 
0-006) and life expectancy was 3-6 years longer (table 
5). Total costs of medical treatment in this subgroup 
were lower because there were fewer hospital admis- 
sions (table 2). Net costs per year of life gained by 
thrombolytic treatment were only Dfl 1900 in 
patients with large anterior infarctions who were 
admitted within two hours of the onset of symptoms. 


Discussion 


The randomised trial conducted by the Interuniver- 
sity Cardiology Institute of The Netherlands showed 
that early thrombolytic treatment can limit infarct 
size, improve left ventricular function, and reduce 
mortality. Improved survival after thrombolytic 
treatment was also reported by the Western Wash- 
ington Trial" and to a lesser extent after intravenous 
streptokinase in the GISSI trial!" The present 
analysis indicates that this improved survival after 
thrombolytic treatment is accompanied by improved 
quality of life at an acceptably low cost. 


Table4 Costs (Dfl)* of medical treatment in the first year after myocardial infarction. 


All patients 
cC T 
Number of panents 264 269 
Cost of: 
Catheterisation + Sk 1 209 000 
Catheterisation + Sk + PTCA 547 000 
Elective catheterisation 533 000 517 000 
Late PTCA 208 000 191 000 
Days m hospital (general ward) 2 738 000 2.700 000 
Days in CC 1 286 000 1468 000 
CABG + 2 days surgical ICU 608 000 836 000 
Medication costs 198 000 204 000 
Total 5 471 000 7 690 000 
Average costs per patient 21 000 29 000 


Inferior infarction Anterior infarction 
C T C T 
148 139 116 130 
663 000 546 000 
202 000 345 000 
312 000 251 000 221 000 260 000 
58 000 75 000 50 000 116 000 
1 513 000 1386 000 1 225 000 1314 000 
736 000 784 000 550 000 684 000 
399 000 418 000 209 000 418 000 
106 000 102 000 92 000 102 000 
3 124 000 3 887 000 2 347 000 3 785 000 
21 000 28 000 20 000 29 000 


*Costs (Dfl) p for cach item were fpecie 6 200, 11 900, 2 600, 8 300, 600, 1 500, and 19 000 (£1 == Dfi 5-3). Medicauon 


standard dosages of prescri 


Costs were 


iovascular drugs. See cable 2 for abbrevianons. 
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Table5 Calculation of costs ( Dfl) per year of life gained in various groups of patients. 











Mean life expectancy (yr) Costs 
Costs per year 
C T C T of lfe gained 
AU pauents 15-3 168 21 000 29 000 5 300 
Inferior 1nfarcuon 163 170 21 000 28 000 10 000 
Anterior infarction 
(all patients) 141 165 20 000 29 000 3 800 
Anterior infarction . 
(admission &2h and $ ST 2 12mV) 127 163 18 000 25 000 1 900 
Anterior infarction 
(admission 2-4 h or $ ST < 12mV) 151 166 22 000 32 000 6 700 





See footnotes to tables 1 and 2. 


The benefits of thrombolytic treatment were most 
clear cut in patients with anterior infarction—an 
observation that accords with the results of the 
GISSI trial." The site of the infarct was based on 
electrocardiographic criteria, which were available 
shortly after hospital admission. Angiographic data 
were not used to determine the location of the 
infarction. Patients in the thrombolysis group in 
whom the infarct related obstruction was in the 
circumflex artery (as assessed by acute angiography) 
had electrocardiographic signs of anterior infarction 
in approximately 40% of the cases and of inferior 
infarction in 60%. 

In this analysis all hospitals admissions were 
recorded and functional class was defined for each 
patient at regular intervals during one year follow up 
according to the method proposed by Olsson et al.” 
This enabled us to compare differences in mortality 
and morbidity between the two treatment groups. 
Although the assessment of impairment in the 
quality of life when angina pectoris or heart failure 
occur is dependent on the patient's opinion, the 
quality of life can be measured objectively by the 
patient's ability to carry on normal activity? as 
estimated by the Karnofsky Performance Status 
Scale. It is evident that in patients with anterior 
infarction thrombolytic treatment improved both life 
expectancy and quality of life, while the beneficial 
effects of thrombolytic treatment in inferior infarc- 
tion remained small. ‘These conclusions are indepen- 
dent of the method of quality adjustment, and remain 
unchanged when other quality adjustment factors are 
used. The total duration of hospital stay was the same 
in both treatment groups. However, admissions in 
the thrombolysis group were more often related to 
ischaemia (because of reinfarction and for additional 
revascularisation procedures such as coronary angio- 
plasty or bypass surgery), whereas in the control 
group more admissions were the result of heart 
failure. This confirms that left ventricular function 
was more impaired in conventionally treated 
patients. The data shows that in both treatment 


groups most patients were free of symptoms during a 
one year follow up. The proportion of patients with 
symptoms was larger in the control group (33%) than 
in the thrombolysis group (22%) for patients with 
anterior infarction. Thus thrombolytic treatment 
improved survival and the quality of life in this group 
of patients. It is not clear why thrombolytic treat- 
ment was less effective in patients with inferior 
infarction. A possible explanation could be the 
higher reinfarction rate seen in these patients which 
abolishes the initially beneficial effects of throm- 
bolytic treatment (table 1). 

In the calculation of mean life expectancy a 
mortality rate of 6% per year was assumed for 
patients in both treatment groups. Sensitivity 
analysis indicated that the differences in mean life 
expectancy between the two treatment groups (table 
5) persisted when a mortality rate of 5% or 7% was 
assumed for patients in both treatment groups. Long 
term prognosis depends on left ventricular function 
at discharge.’ Since patients m the thrombolysis 
group had better left ventricular function than the 
control group,?*® the differences in mean life 
expectancy between the two treatment groups might 
even be underestimated, and the actual improvement 
of life expectancy by thrombolytic treatment might 
be greater than the data shown in table 5. 

The true costs of thrombolytic treatment include 
the acute intervention as well as the higher incidence 
of reinfarction and additional revascularisation 
procedures. This is why we calculated total costs in 
the first year. We based the number of days in 
hospital (table 3) on a weekly assessment of func- 
tional state. This overestimated actual hospital stay 
which was 21 days in both treatment groups. Cal- 
culation of total costs was based on actual hospital 
stay, catheterisations, coronary angioplasty, and 
bypass surgery during follow up. Although throm- 
bolytic treatment reduced the occurrence of ven- 
tricular fibrillation, cardiogenic shock, and heart 
failure, the workload in the coronary care unit was 
not affected. The increased workload caused by the 


Cost benefit analysis of early thrombolytic treatment urth intracoronary streptokinase 


administration of thrombolytic treatment was bal- 
anced by the lower incidence of complications in the 
coronary care unit.” This 1s why we used the average 
costs for stay on the coronary care unit. 

"Total costs per patient during one year follow up 
appeared to be higher after thrombolytic treatment, 
mainly because of the costs of acute angiography and 
subsequent coronary angioplasty or bypass surgery. 
None the less, the cost benefit analysis shows that 
intracoronary thrombolytic treatment with strepto- 
kinase is cheaper than other established medical 
treatments. For example the cost of a one year 
increase in quality adjusted life expectancy after 
bypass surgery as calculated by Weinstein and 
Stason varied from Dfl 20 000 to Dfl 75 000” while 
the costs for treatment of moderate diastolic hyper- 
tension were Dfi 30 000 to Dfi 90 000 per year of life 
gained (£1 == Df 3:3)?! The cost benefit ratio of 
thrombolytic treatment is good because it requires 
only one intervention during hospital admission and 
has considerable beneficial effects, especially in 
patients with a larger anterior infarction. The treat- 
ment can thus be limited to a well defined and easily 
recognised group of patients, while hypertension 
treatment must be given to large numbers of patients 
for a long time in order to prevent or delay quite à 
small number of cardiovascular events. 

A disadvantage of intracoronary thrombolytic 
treatment is the need for angiography during the 
acute stage. We included the costs of equipment and 
staff for a 24 hour angiography service in the analysis. 
We do not know how the cost benefit ratios of 
intracoronary thrombolysis and intravenous throm- 
bolysis compare. Intravenous administration of 
streptokinase is initially less expensive, but also 
considerably less effective than intracoronary treat- 
ment in achieving patency, in salvage of myocardial 
function,” and in reducing mortality." Careful 
analysis of follow up data of trials of intravenous 
streptokinase,"? intravenous tissue plasminogen 
activator,” and intracoronary treatment (with or 
without immediate coronary angioplasty) should 

‘enable physicians and health authorities to decide 
upon the most cost effective method of thrombolytic 
treatment. Current data on intracoronary throm- 
bolysis indicate that it is a cost effective treatment for 
patients with extensive anterior myocardial 
ischaemia‘ % admitted early after the onset of symp- 
toms of myocardial infarction. 
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Plasminogen activator inhibitor activity and other 
fibrinolytic variables in patients with coronary artery 
disease 
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SUMMARY Several fibrinolytic variables, including plasminogen activator inhibitor activity, were 
studied before and after exercise in 67 normolipidaemic patients with coronary artery disease and 
in 25 hyperlipidaemic patients with coronary artery disease. Before exercise plasminogen activator 
inhibitor activity was higher in the patient groups than in a group of 10 healthy volunteers. For 
those who were normolipidaemic plasminogen activator inhibitor activity was greater in patients 
with angina pectoris who had had a myocardial infarction. The concentration of antigenic tissue- 
type plasminogen activator was similar in all the patients with coronary artery disease and higher 
than in the control group. After the exercise test fibrinolytic capacity was lower in the patients with 
angina pectoris and a previous history of myocardial infarction. After exercise both the released 
immunological tissue-type plasminogen activator and fibrinolytic capacity were lower in the 
hyperlipidaemic patients than in the normolipidaemic patients. The concentration of plasminogen 
activator inhibitor was also higher in the hyperlipidaemic patients. Patients with hyperlipidaemia 
IV had the highest plasminogen activator inhibitor activity. ‘The increase in plasminogen activator 
inhibitor activity found in the patients was partially inhibited by antiserum against plasminogen 
activator inhibitor-1 in vitro. The formation of a complex of about 115 000 daltons between 
plasminogen activator inhibitor and purified tissue-type plasminogen activator was detected by a 
zymographic fibrin technique. 

These findings show that in patients with coronary artery disease fibrinolytic activity is impaired 
by an increase in plasminogen activator inhibitor. Impaired fibrinolysis may be related to the 
clinical evolution of coronary artery disease in these patients. 


Fibrinolytic activity is impaired in many patients 
with coronary artery disease.'? This impairment is 
detectable both in the resting state‘® and after 
physical exercise or venous occlusion."? It has been 
suggested that impaired fibrinolysis has a pathogenic 
role in coronary artery disease." Impaired fibrin- 
olysis could be caused by an increase in the activity of 
plasminogen activator inhibitor" "; however, some 
groups have reported only a very occasional and 
transient increase in plasminogen activator inhibitor 
in patients with coronary artery disease." In 1985 
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several groups reported increased concentrations of 
plasminogen activator inhibitor in patients with 
coronary artery disease and suggested that this 
increase may have a role in the pathogenesis of this 
disorder.'*"* 

The pathogenic role of plasminogen activator 
inhibitor in coronary artery disease was confirmed 
recently when a higher rate of reinfarction was found 
in patients with coronary artery disease with 
high concentrations of plasminogen activator 
inhibitor." * Others, however, reported no correla- 
tion between concentrations of plasminogen 
activator mnhibitor and the severity of coronary 
disease." 

It has also been reported that hyperlipidaemia is 
usually associated with a decrease in fibrinolytic 
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activity,” ? especially when it is caused by an increase 
in low density lipoproteins. Increased concentrations 
of high density lipoproteins were reported to have the 
opposite effect, that is they activated fibrinolysis.” 
These results were not, however, confirmed in 
another study.” It is clear, however, that patients 
with coronary artery disease who also have 
hyperlipidaemia generally have increased concentra- 
tions of plasminogen activator inhibitor, especially if 
the hyperlipidaemia is characterised by an increase in 
triglycerides," whereas plasminogen activator 
inhibitor concentrations are usually normal in cases 
of hypercholesterolaemia.“” Some workers found 
no correlation between triglyceride concentrations 
and plasminogen activator inhibitor in normal 
subjects." 

These data prompted an examination of possible 
correlations between the various clinical types of 
coronary artery disease and the concentration of 
plasminogen activator inhibitor and other fibrin- 
olytic variables. We paid special attention to evaluat- 
ing to what extent the presence or absence of a 
previous history of myocardial infarction was related 
to concentrations of plasminogen activator inhibitor 
in patients with angina. 


Patients and methods 


STUDY GROUPS 
There were 67 men in the normolipidaemic group 


with coronary artery disease (group 1). None had: 


hyperlipidaemia, hyperglycaemia, or severe hyper- 
tension. These patients were classified in three 
groups: (a) patients with angina pectoris without a 
previous history of myocardial infarction (n = 15); 
(b) patients with angina and a previous history of 
myocardial infarction (n — 14), and (c) patients who 
had had a myocardial infarction about three weeks 
before this study (n = 38). 


Aznar, Estellés, Tormo, Sapena, Tormo, Blanch, España 


Myocardial infarction or angina were diagnosed 
according to clinical, electrocardiographic, and 
enzymatic criteria. 

We also studied 25 hyperlipidaemic men with 
coronary heart disease (group 2). These patients were 
classified into three groups as having hyper- 
lipidaemia IIa, IIb, or IV. There were 10 healthy 
men in the control group. None had a history of 
angina or electrocardiographic evidence of ischaemic 
heart disease. Biochemical variables, particularly 
blood sugar and cholesterol concentrations, were 
normal. 

All the subjects underwent a symptom limited 
bicycle ergometer test in a sitting position, starting 
with a workload of 30 W for three minutes. The 
workload was gradually increased by 25 W every 
three minutes. Each subject attained 8594 of the 
individually expected maximal working capacity. 

Table 1 shows characteristics of all the groups. 


REAGENTS 

'The reagents for measuring functional protein C 
were obtained as described elsewhere.” Other 
reagents used were: chromogenic substrate $-2251 
and human fibrinogen (Kabi Diagnostica, Stock- 
holm), and bovine thrombin (Behringwerke AG, 
Marburg, West Germany). Human plasminogen was 
purified by lysine-sepharose chromatography,” foll- 
owed by gel filtration on Sephadex G-150. Purified 
human single-chain tissue plasminogen activator 
from human melanoma cell culture (Biopool, 
Sweden) was used to measure the activity of plas- 
minogen activator inhibitor. Human tissue-type 
plasminogen activator was also purified in our 
laboratory from Bowes-melanoma cell-culture con~ 
ditioned medium, as described elsewhere.” ? It was 
purified without the addition of aprotinin and was 
obtained as double (75%) and single chain molecules 
(25%) and had a specific activity of 250 000 IU/mg 








'Table 1 Characteristics of the study groups (mean ( SD)) 
Age No of subjects No of subjects No of subjects Submaximal 
with toho were habitual of sedentary workload 
No Mean Range hypertension* Smokers habits (W) 

P bee lipidaemi ) 

normoli ic). 67 546(T9) (36-69) 22 39 17 1156 (216 
Group A 15 559(76) (36-67) 6 6 3 109 4 2 
Group B 14 567(1 T7) (44-66) 4 3 2 119 0 (19 7) 
bed C 38 525(58) (37-67) 12 30 12 116 8 (22 1) 

(hyperlipidaemic) 25 53-5 (88) (37-69) 3 20 7 112 0 (23 0) 
TIa 1 52-3 (8-2) (42-69) 1 10 2 1131(29-7) 
IIb 6 532 t 5) (97-68) 0 6 1 97 2(11 4) 
IV 8 562(5-9) (53-67) 2 4 4 124 9 (9 1) 

Control group 10 49 3(49) (43-59) 0 & 3 153 3 (20 5) 
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hypertension: systolic blood pressure between 140-160 mm Hg and diastolic tlood pressure up to 100 mm Hg. 


Plasminogen activator inhibitor and coronary disease 


when measured by a clot lysis assay? with an 
1nternational tissue-type plasminogen activator stan- 
dard (National Institute for Biological Standards and 
Control reagent 83/517). Rabbit anti-bovine endo- 
thelial cell plasminogen activator inhibitor-1? * and 
rabbit anti-plasminogen activator inhibitor-2 sera 
(Batch R3, approximate titre 150 ug/ml) were kindly 
donated by Dr D J Loskutoff (California, USA) and 
Dr E K O Kruithof (Lausanne, Switzerland) respec- 
tively. All other chemicals were of analytical grade. 


METHODS 

Venous-blood samples at rest were obtained between 
8.30 am and 9.30 am. Subjects remained in a sitting 
position for 10 to 15 minutes before venepuncture. 
Blood samples were obtained immediately after the 
exercise test. Blood was obtained and anticoagulated 
for the different tests as previously described.?! 

Whole serum cholesterol and triglycerides were 
measured by enzymatic methods. Protein C antigen 
was measured by an enzyme-linked immunosorbent 
assay method (Diagnostica Stago, France) The 
amidolytic and coagulant activities of protein C were 
assayed as previously described.” Antithrombin III 
was measured by an amidolytic method.” 

Plasma euglobulin lysis time was measured by 
Buckell’s method.” Fibrinolytic euglobulin activity 
was also measured on plasminogen-rich fibrin-agar 
plates as previously described.* Plasminogen and 
fast-acting antiplasmin activities were measured by 
chromogenic substrate methods.*” Concentrations 
of fibrinogen/fibrin degradation products were 
measured by a haemagglutination inhibition meth- 
od.“ The activity of tissue-type plasminogen 
activator was measured by a functional method.” 
Plasminogen activator inhibitor activity was assayed 
as previously described.” * One unit of inhibitor was 
defined as the amount that inhibits 1 IU of tissue- 
type plasminogen activator in 10 minutes (tissue- 
type plasminogen activator was calibrated against the 
international tissue-type plasminogen activator stan- 
dard). Tissue-type plasminogen activator antigen 
was measured by an enzyme-linked immunoadsor- 
bent assay method? (Biopool, Sweden), after 
acidification and neutralisation of plasma as 
previously described.” 

The formation of tissue-type plasminogen 
activator/inhibitor complexes was studied by a 
zymographic fibrin overlayer technique? with a 
7-5% polyacrylamide separating gel and a 4% 
polyacrylamide stacking gel. A volume (25 yl) of 
several dilutions of plasma was mixed with 2.5 yl of 
tissue-type plasminogen activator (25 U/ml). In 
another experiment 25 yl of a fixed dilution of plasma 
was mixed with several concentrations of tissue-type 
plasminogen activator. The mixtures were incubated 
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for 10 minutes at 37°C. Then 25 yl of a buffer 
containing 0-125 mol/l TRIS-HCI, 4% sodium 
dodecyl sulphate, and 20% glycerol (pH 6:8) was 
added and the mixture was incubated for 15 minutes 
at 37°C. The samples were laid on the stacking gel 
and run at 25 mA for 3—4 hours at 4°C. The gels were 
washed for one hour in 2:5% Triton X-100 and for 20 
minutes in deionised water. Fibrinolytically active 
bands were revealed by placing the gels on a plasmin- 
ogen-rich fibrin-agarose gel and incubating them at 
37°C in a humid environment for 18 hours. The 
molecular weight standards used were bovine serum 
albumin (68 000), phosphorylase (93 000), and B 
galactosidase (130 000). 

The inactivation of plasminogen activator 
inhibitor activity by anti-plasminogen activator 
inhibitor-1 and  anti-plasminogen activator 
inhibitor-2 was studied in three plasma samples from 
patients with ischaemic coronary disease and high 
plasminogen activator-inhibitory activity. Diluted 
plasma (50 yl, 1/4) was incubated with 5 yl of either 
diluted antibody (1/2) or diluted non-immune rabbit 
serum (1/2) or buffer for 15 minutes at 37°C. The 
residual inhibitory activity was assayed with tissue- 
type plasminogen activator (75% two chain tissue 
plasminogen activator) as described above.” * 

Mann-Whitney U and Student's t tests were used 
for statistical analysis. 


Results 


Concentrations of antithrombin III, protein C (func- 
tional and immunological), plasminogen, fibrinogen/ 
fibrin degradation products, and a,-antiplasmin at 
rest and after exercise were not significantly different 
in the clinical patient groups nor were there any 
differences between the control group and the 
patients. 

Concentrations of immunological tissue-type plas- 
minogen activator (table 2) were similar in groups A, 
B, and C, that is slightly higher than in the control 
group. In contrast, the concentration of immuno- 
logical tissue-type plasminogen activator released 
after the exercise test was lower in patient groups A 
and B than in group C. The value in group C was 
similar to that of the control group. On the other 
hand, about 50% of the patients in group C had 
concentrations of released antigenic tissue-type plas- 
minogen activator <3 ng/ml. This was higher than 
the concentration in the control group. 

Fibrinolytic capacity (post-exercise fibrinolytic 
activity minus fibrinolytic activity at rest) was lower 
in patients with angina pectoris who had a history of 
myocardial infarction (group B) than in those with 
angina pectoris but no myocardial infarction (group. " 
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Table2 Fibrinolytic variables (mean (SD) ) before (B) and after (A) exercise in normolipidaemc patients with coronary 
artery disease 








Euglobuhn lysis Lysts on fibrin Functional t-PA Anngen t-PA PAI actrty 
tne (min) plate (76) (Ulmi) (ng/ml) (Umi) 
B A B A FC B 4 t-PAC B A -PAR B A 
Group A (n = 15) 248 178 69 113 213 99 034 131 098 122 155 32 267t 1:90* 
(60) (70) (49) (97) (172) (104) (035) (19) (160 (31) (56) (49) (224) (206 
Group B (n = 14) 220 180 47* | 99 157 58 29* 054* 032* 130 169 39 S20t 44T 
(64) (80 (55) (49) (110 (71) (029) (052) (035 (560 (104) (64) (497) (4-3) 
Group C (n * 38) 263 154 108 84 211 110 027 125 093 132 188 56 37t 25* 
(87) (91 (91) (43 (138 (147 (043) (170) (141) (63) (100) (40 (42 (Q4 
Control group 
(n = 10) 263 143 119 110 185 76 048 143 095 101 161 59 069 0-42 
(84) (59 (96) (37) (16 (89 (018 (151) (110) (29) (53) (32) (0-75) (058) 





*p < 005 compared with control group; tp < 0 02 compared with control group. 


A, patients with angina pectoris without previous history of m: 
oust C, patients with myocardial infarction about 3 weeks before this study 


ious history of myocardial infarcnon; Group 


icfarciion, Group B, patients with angina pectoris and 


C, fibrmolytic capacity (fibrinolytic activity after exercise minus fibrinolytic activity before exercise); t-PAC, tissue plasminogen 
activator capacity (T-Pa activity after exercise minus t-PA activity before exercise); t-PAR, t-PA release (antigen t-PA after exercise 
minus antigen t-PA before exercise); PAI, plasminogen activator mhubitor. 


A) or those with recent myocardial infarction (group 
C) (table 2). This was found for both global assays 
(euglobulin lysis time and lysis on fibrin plate) and 
functional tissue-type plasminogen activator concen- 
trations. 

Plasminogen activator inhibitor activity at rest was 
higher in the three patient groups than in the control 
group. Moreover, 60% of the patients had plasmin- 
ogen activator inhibitor values above 2 U/ml, a 
concentration that was never reached by the control 
subjects. : 

Patients with angina pectoris and myocardial 
infarction (group B) had higher plasminogen 
activator inhibitor activity than the other two groups. 
Furthermore, in four (28%) of the group B patients 
concentrations of plasminogen activator inhibitor 
were > 6 U/ml, a value that none of those in group A 
reached. 

After the exercise test plasminogen activator 
inhibitor concentrations fell slightly in all the groups 
examined, but they continued to reflect the values at 
rest. 


Released immunological tissue-type plasminogen 
activator and fibrinolytic capacity were lower and 
plasminogen activator inhibitor was higher in 
hyperlipidaemic patients with coronary artery dis- 
ease (group 2) than in normolipidaemic patients with 
coronary artery disease (group 1) (table 3). 

In patients with coronary artery disease plasmin- 
ogen activator inhibitor activity was higher in those 
with types IIb and IV hyperlipidaemia than in those 
with type IIa hyperlipidaemia (p « 0-05) (table 4). 
The concentration of plasminogen activator 
inhibitor was lower in patients with type Ila 
hyperlipidaemia (approximately 2 U/ml) than in 
patients with the same pathology but without 
hyperlipidaemia (approximately 3 7 U/ml). 

The residual plasminogen activator inhibitor 
activity of three plasma samples from coronary artery 
disease patients with high plasminogen activator 
inhibitor activity was measured after the addition of 
anti-plasminogen activator inhibitor-] and anti-plas- 
minogen activator inhibitor-2. The inhibitory 
capacity was reduced by anti-plasminogen activator 


Table3  Fibrmolytic variables (mean (SD)) before (B) and after (A) exercise n various groups of patients with coronary 





artery disease 
Euglobultn lysis Lysis on fibrin Functional t-PA Antigen t-PA PAI activity 
time (min) plate (96) (Umi) (ngml) (Ulmi) 
B A FC B A B A t-PAC B A t-PAR B A 
Group 1 (n = 61) 255 168 87 921 198 995 028 111 081 128 176 46 75 2T 
(80) (86 (80) (616) (143) (123) (038) (160) (132) (54 (92) (53) (410) (339) 
Group 2 (n = 25) 251 187 64* 106 1 358 O24f 059* 037 128 168 38 53705 429[ 
(650 (8) (74) (4) (56) ( (023) (087) (0-75) (30) (3:9) (3:2) (540) (503) 
Control group (n = 10) 263 143 119 110 185 048 143 095 101 161 59 69 042 
(8) (59 (96 (37) (116) (89 (018) (1:51) (110) (29) (53) (32) (075) (058) 


*p < 0 05 compared with control group, tp < 0-012 compared with control group; fp < 0 005 compared with control group, $p < 0-05 


group 1 and group 2. Group 
Sec footnote to table 2 for abbreviations. 


1, normolipidaemic patients; Group 2, hyperlipidsemic patients 
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Table4  Fibrinolytic variables (mean ( SD) ) before ( B) and after (A) exercise in hyperlipidaemic patients with coronary 


artery disease 











Euglobulin lysis Lysis on fibrin Functional t-PA Antigen t-PA PAI activity 
time (min), plate (°,) (U/ml) (ngiml) U/ml 
B A FC B A FC A t-PAC B A t-PAR B 1 
Group Ila (n = 11) 246 203 43* 84 128 43  016t 052 040 131* 162 31 2-0 0:57 
(85:8) (86) (58) (44) (61) (39) (026) (1-16) (1-03) (38 (3:8) (26) 40 1-37 
Group IIb (n = 6) 260 174 87 145 167 22 0.265 0:63 037 135% 173 38 7-53 6-75} 
(36) (90) (95.4) (21) (79) (67) (0.19) (0:39) (034) (3:1) (19) (16) (46) 412 
Group IV (n = 8) 249 175 737 110 143 33 037 069 032 119 172 48 9-44 755] 
(53) (95) (76:4) (27) (28) (41) (0-14) (059) (0-49) (14) (56) (50) (448) (573 
Controls group (n = 10) 263 143 119 110 185 76 0-48 143 0-95 10:1 16:1 59 069 042 
(84) (59) (96) (37) (116) (89) (0-18) (1-51) (110) (29) (53) (3:2) (0°75) (0.58 





*p < 0-05 compared with control group; tp < 0-005 compared with control group; tp < 0:001 compared with control group. 


See footnote to table 2 for abbreviations. 


inhibitor-1 (66% of residual activity) but not by anti- 
plasminogen activator inhibitor-2 (91% of residual 
activity). Non-immune rabbit serum did not reduce 
the inhibitory capacity. 

Use of a zymographic technique revealed the 
formation of a complex between the plasma plasmin- 
ogen activator inhibitor and purified tissue-type 
plasminogen activator. The figure shows the forma- 
tion of a complex between a fixed concentration of 
tissue-type plasminogen activator and plasma from a 
patient with coronary artery disease. Formation of 
the complex was reduced by dilution of the plasma 
(figure (a)). When we used a fixed dilution of patient 
plasma we found that as the tissue-type plasminogen 
activator concentration was increased, the complex 
also increased (figure (b)). This complex appeared to 
have a molecular weight of about 115 000 daltons. 





Discussion 


Our results accorded with those of other workers * " 
who found that the concentration of basal antigenic 
tissue-type plasminogen activator at rest is slightly 
higher in patients with coronary artery disease than 
in controls. According to Hamsten er a/ this may be 
the result of a slow but continual release of tissue- 
type plasminogen activator from the vascular wall, ^ 
which could reduce the vascular deposits of tissue- 
type plasminogen activator in these patients and lead 
to a decreased release of tissue-type plasminogen 
activator after exercise. Our results seem to confirm 
this, because release of tissue-type plasminogen 
activator was lower after exercise in patients with a 
long history of angina pectoris (groups A and B) than 
patients with myocardial infarction (group C) in 


- 68000 


Figure Fibrin-zymography after sodium dodecyl sulphate polyacrylamide gel electrophoresis of a 10' incubation mixture of 
tissue-type plasminogen activator with coronary artery disease plasma. (a) Formation of a complex between purified tissue- 
type plasminogen activator ( 2:5 ul of 25 U/ml) and 25 yl of several dilutions of plasma (1 = 1/5; 2 = 1/10; 3 = 1/20; 

4 = 1/40; 5 = 1/80; 6 = 1/160; 7 = buffer). (b) Formation of a complex between a fixed dilution (1/10) of plasma 

(25 ul) and 2-5 ul of tissue-type plasminogen activator (1 = 12:5 U/ml; 2 = 18-7 U/ml; 3 = 25 U/ml; 4 = 37.5 U/ml, 
5 = 50 U/ml). A complex (115 000 daltons) formed between tissue-type plasminogen activator and the plasma plasminogen 


activator inhibitor. 
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whom tissue-type plasminogen activator release 
resembled that seen in the control group. 

We found that concentrations of plasminogen 
activator inhibitor activity were higher in patients 
with coronary artery disease than in controls. This 
finding accords with the results of earlier 
studies,^"* but we also found that patients with 
angina pectoris and previous myocardial infarction 
had higher concentrations of plasminogen activator 
inhibitor than patients with angina and no history of 
infarction. We believe that the higher concentration 
of plasminogen activator inhibitor may be related to 
the development of myocardial infarction in patients 
with angina pectoris. This suggestion accords with 
previous reports that reinfarction” '* and death” are 
more common in patients with coronary artery 
disease and high concentrations of plasminogen 
activator inhibitor. 

The increase in plasminogen activator inhibitor 
may have been responsible for the reduced fibrin- 
olytic capacity that we found in patients with angina 
pectoris and myocardial infarction (group B). There 
was no such reduction in patients with angina 
pectoris with no history of myocardial infarction 
(group A), even though both groups A and B had 
similar concentrations of released immunological 
tissue-type plasminogen activator, 

These data support the hypothesis that plasmin- 
ogen activator inhibitor has a pathogenic effect in 
patients with coronary artery disease and that this 
fibrinolytic inhibitor may impair fibrinolysis in these 
patients. 

We found that hyperlipidaemic patients with 
coronary artery disease had reduced concentrations 
of released immunological tissue-type plasminogen 
activator after the exercise test, a higher concentra- 
tion of plasminogen activator inhibitor and, as a 
consequence, a lower fibrinolytic capacity than nor- 
molipidaemic patients with coronary artery disease. 
These data accord with reports of increased plas- 
minogen activator inhibitor in hyperlipidaemic 
individuals. Like Hamsten et al“ we also found 
that patients with coronary artery disease and 
hyperlipidaemia type Ia had lower concentrations of 
plasminogen activator inhibitor than patients with 
coronary artery disease who were normolipidaemic. 
In contrast, patients with coronary artery disease and 
type IIb or IV hyperlipidaemia had higher concen- 
trations of plasminogen activator inhibitor. 

The mechanism by which hypertriglyceridaemia 
could increase plasminogen activator inhibitor is not 
known" but there does seem to be an objective 
relation between these two variables. We do not 
know to what extent the possible alteration of the 
vascular wall in hypercholesterinaemic patients— 
which is normally more considerable than in hyper- 
triglyceridaemic patients—is related to the decreased 
release of plasminogen activator inhibitor and tissue- 
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type plasminogen activator. 

Nevertheless, even in hypertriglyceridaemic 
patients with coronary artery disease who had plas- 
minogen activator inhibitor concentrations that were 
higher than those in normolipidaemic patients with 
coronary artery disease, released plasminogen 
activator and the activity of circulating plasminogen 
activator inhibitor were lower when in addition to 
being hypertriglyceridaemic the patient was also 
hypercholesterinaemic (type IIb). The decreased 
release of tissue-type plasminogen activator that we 
found in coronary artery disease patients with type 
IIa hyperlipidaemia does not accord with the find- 
ings of Hamsten er al* who found that tissue-type 
plasminogen activator release after venous occlusion 
was adequate. This may be because they studied 
young patients, who were less likely to have the 
atherosclerotic alterations than our patients. 

In conclusion, our results suggest that the greater 
increase in plasminogen activator inhibitor in 
patients with angina pectoris and previous myocar- 
dial infarction may be associated with this acute 
event. It may be that concentrations of plasminogen 
activator inhibitor in coronary artery disease patients 
are of prognostic value. 


This work was supported in part by research grants 
from Fondo de Investigaciones Sanitarias de la 
Seguridad Social, Spain. 
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Clinical implications of pulmonary regurgitation in 
healthy individuals: detection by cross sectional 
pulsed Doppler echocardiography 


SEJICHI TAKAO, KUNIO MIYATAKE, SHIRO IZUMI, 
MITSUNORI OKAMOTO,f NAOKAZU KINOSHITA, HIROSHI NAKAGAWA, 
KAZUHIRO YAMAMOTO, HIROSHI SAKAKIBARA, YASUHARU NIMURA* 


From the *Cardwlogy Division and Research Institute, Natwnal Cardiovascular Centre, Osaka, Japan, and 
TFirst Department of Medicine, Hiroshima Umversity, School of Medicine, Hiroshima, Japan ] 


SUMMARY  Pulsed Doppler echocardiography in healthy individuals often shows a disturbance of 
diastolic flow in the right ventricular outflow tract just below the pulmonary valve that suggests 
regurgitation. This disturbance of diastolic flow was studied in 50 healthy individuals and 40 
patients with cardiopulmonary disease, some of whom had a pulmonary regurgitant murmur. 
Diastolic flow was disturbed in 39 of the 50 healthy individuals. In 32, cross sectional 
echocardiography gave a satisfactory image of the pulmonary valve. The characteristic Doppler 
signals usually lasted throughout diastole, were directed toward the right ventricular cavity, and 
gradually waned towards end diastole; they formed a spindle shaped area of abnormal signals that 
extended to within 10 mm of the coaptation of the pulmonary valve towards the right ventricular 
cavity and the pressure difference estimated from the signals by the modified Bernoulli equation 
seemed to be proportional to the normal retrograde transpulmonary pressure difference. In all 40 
patients with cardiopulmonary disease, signals indicating pulmonary regurgitation were found 
whether or not a regurgitant murmur was present. When it was present, however, the spindle was 
longer than 20 mm and in patients with pulmonary hypertension the velocity of abnormal diastolic 
flow was higher than in healthy individuals. The Doppler signals registering disturbed flow in the 
healthy individuals resembled the signals caused by pulmonary regurgitation in the patients in 
terms of location, orientation, and configuration. 

These results show that healthy individuals usually have trivial pulmonary regurgitation. In 
practice the distance that the flow disturbance extends from the valve and estimated pressure 
difference across the valve are probably the most important variables for assessing the clinical 
significance of pulmonary valve regurgitation. 


Doppler echocardiography is a sensitive and specific Patients and methods 


technique for detecting valve regurgitation. Even 


in healthy subjects, unusual Doppler signals are 
often seen just beneath the pulmonary valve in the 
right ventricular outflow tract during diastole; these 
are apparently signals from pulmonary regurgitation. 
We have examined a series of healthy individuals for 
these signals to find out whether they indicate true 
regurgitation and are clinically significant. 


Requests for reprints to Dr Kunio Miyatake, Cardiology Drvimon, 
National Cardiovascular Center, 7-1, Fuyishiro-dai 5-chome, Suita, 
Osaka 565, Japan 


Accepted for publication 8 September 1987 


We examined 50 healthy individuals aged 23 to 59 
years (mean 35 years) and 40 patients with cardiopul- 
monary disease aged 19 to 68 years (mean 40 years). 
The 50 healthy individuals had no history of car- 
diopulmonary disease and no abnormality on 
physital examination and cross sectional echocar- 
diography. The 40 patients with cardiopulmonary 
disease all had echocardiograms that clearly showed 
the right ventricular outflow tract and pulmonary 
valve. Nineteen had acquired valve disease, 14 had 
congenital heart disease, two had cardiomyopathy, 
two had idiopathic dilatation of the pulmonary 
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artery, two had pulmonary embolism, and one had 
primary pulmonary hypertension. Phonocardiogra- 
phy performed simultaneously with the Doppler 
examination showed a pulmonary regurgitant mur- 
mur in 12 of the 40 patients. The remaining 28 
patients did not have a diastolic murmur. 


METHODS 

Equipment 

We used two commercially available cross sectional 
pulsed Doppler echocardiograms, a Toshiba SSH- 
11A/SDS-10A and a SSH-40A/SDS-21A. The 
transducer frequency was 2-4 MHz and the pulse 
repetition rate was 6000 bursts/s (1 kHz of Doppler 
frequency is equivalent to 31 cm/s flow velocity). The 
sample volume size was 4 x 4mm in width and 2 mm 
in depth. A 400 Hz high-pass filter was used to 
eliminate artefacts caused by cardiac wall motion. 
The frequency analysis was carried out by fast 
Fourier transformation. Doppler beam direction and 
the site of sample volume were displayed on the cross 
sectional echo image of the heart. Analysed Doppler 
signals were displayed as a sound spectrogram with 
the electrocardiogram, phonocardiogram, and M 
mode echocardiogram on a strip chart recording 
paper (paper speed 50 mm/s). Flow components 
towards and away from the transducer were dis- 
played as flow signals above and below the baseline, 
respectively. 

Ten of the 50 healthy individuals were also 
examined by colour-coded real time cross sectional 
Doppler flow imaging to confirm the finding 
obtained by the conventional method.’ In this tech- 
nique, Doppler flow signals were processed by the 
high-speed autocorrelation technique, so that flow 
direction, mean velocity, and degree of flow disper- 
sion were simultaneously displayed on the same site 
in the cross sectional echo image of the heart with 
colour codes in real time. A red code indicated the 
flow component toward the transducer and blue 
showed flow away from the transducer. The colour 
intensity expressed the magnitude of flow velocity 
and green was added to the red or blue to show the 
degree of flow dispersion. 


SEARCHING TECHNIQUE 

'The sagittal cross sectional view of the right ven- 
tricular outflow tract including the pulmonary valve 
was obtained through the third or fourth intercostal 
space. Then the transducer was gradually tilted to 
obtain sagittal cross sectional views over the whole 
right ventricular outflow tract. We analysed the flow 
pattern on each cross sectional plane. The area just 
beneath the pulmonary valve was examined for jets in 
diastole. In the healthy individuals Doppler signals 
indicating jet flow were detected near the pulmonary 
valve in the right ventricular outflow tract during 
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diastole. These signals had a wide velocity spectrum 
with flow away from the pulmonary valve and lasted 
more than 200 ms in diastole (fig la). In early diastole 
signals lasting « 200 ms were not considered because 
in that phase it is difficult to exclude the influence of 
the valve and wall motion on the record. 

When Doppler signals indicating disturbed dias- 
tolic flow were detected we recorded the cross 
sectional cut that showed the full extent of the signal. 
This view was frozen in mid diastole and the 
distribution of the signal was mapped by gradually 
changing the beam direction as described else- 
where.^? 


Quality of the echocardiographic image of the pulmon- 
ary valve 

The quality of the echocardiographic image of the 
pulmonary valve was graded as: good (visualisation 
of two or three cusps of the pulmonary valve); poor 
(only one cusp visualised); none (none of the cusps 
was clearly visualised). 


Results 


FREQUENCY OF ABNORMAL DOPPLER SIGNALS IN 
HEALTHY INDIVIDUALS 

Doppler signals indicating a jet-like disturbance of 
flow were detected in 39 (78°; ) of the 50 healthy 
individuals examined. The quality of the echo image 
of the pulmonary valve was good in 32 and poor in 11. 
In the remaining seven, the pulmonary valve was not 
visualised. Doppler signals showing a jet-hke flow 
disturbance were detected in all 32 healthy 
individuals with the good image of the pulmonary 
valve, in seven of the 11 subjects with the poor image, 
and in none of the seven subjects whose valves were 
not visualised (table). Thus the disturbance of dias- 
tolic flow was invariably detected when the quality of 
the echo image of the pulmonary valve was good. 


CHARACTERISTIC FEATURES OF SIGNALS 
SHOWING JET-LIKE FLOW DISTURBANCE IN 
DIASTOLE 

In diastole disturbed Doppler signals were found in a 
small spindle-shaped region extending from the 
coaptation site of the pulmonary valve into the right 


Table Frequency of disturbed Doppler signals showing a jet- 
like flow in the subpulmonary region in relation to the quality af 
the echocardiographic image of the pulmonary valve 

















Image quality Detected Not detected Total 

Good 32 0 B 33 o o 
Poor 7 4 1i 

None 0 7 7 
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Fig1 Doppler signals showing jet-like disturbance of flow just beneath the pulmonary valve (a) Left: Parasternal sagittal 
view of the basal part of the heart. The broken line indicates the direction of the Doppler beam, and the sample volume is 
represented by a large dot (arrow). The sample volume lay just beneath the coaptation site of the pulmonary valve in the right 
ventricular outflow tract. Right: Doppler signals recorded in diastole at the sample volume indicated in (a) left. The signals 
show a wide-band velocity spectrum away from the pulmonary valve. The flow velocity gradually decreased toward end 
diastole from the maximum of about 0:7 m/s in early diastole. (b) Left: parasternal sagittal view. The subpulmonary area was 
searched for the signals of flow disturbance in diastole ( see the change in the beam direction and the site of sample volume on 
each beam). The positions of the thick white dots show where such signals were detected, (b) Right: diagrammatic 
representation of (b) left. The maximum distance reached by the signals of flow disturbance is shown. (c) M mode 
echocardiogram of the pulmonary area and the frequency spectrogram of the signals of flow disturbance obtained there. The 
location of the sample volume in diastole was gradually shifted from near the pulmonary valve in the right ventricular outflow 
tract to the pulmonary trunk and then back again. Signals showing disturbed flo in diastole appeared only near the 
pulmonary valve and never in the pulmonary trunk. RV, right ventricle; LV, left ventricle; PA, pulmonary artery; RVOT, 
right ventricular outflow tract; SV, sample volume. 
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ventricular outflow tract, but they were never found 
in the pulmonary trunk (fig 1). They were audible as 
high pitched decrescendoes that resembled signals 
caused by aortic and pulmonary regurgitation. 
Although none of the healthy subjects had a murmur 
indicating pulmonary regurgitation, the unusual 
Doppler signals were almost indistinguishable from 
the pulmonary regurgitant signals obtained from 
patients with pulmonary regurgitant murmurs in 
terms of flow direction, distribution, and other 
properties. 

The maximal distances to which the signals of the 
flow disturbance extended from the pulmonary 
orifice were « 10 mm except in one case in which the 
distance was 12 mm (fig 1b). The velocity of these 
Doppler signals was fastest in early diastole and then 
gradually declined towards end diastole (fig 1a). The 
maximal velocity of the diastolic disturbed flow in 
one pulse period ranged from 0:7 to 1-5 m/s in healthy 
subjects. According to the modified Bernoulli equa- 
tion, this velocity corresponds to pressure difference 
of about 2 to 9 mm Hg. 

The real time cross sectional Doppler flow imaging 
technique was applied to ten of the 39 healthy 
subjects in whom Doppler signals, showing a jet-like 
flow disturbance, were detected by the conventional 
method. It invariably showed a trivial, but definite, 
jet flow spurting from the coaptation site of the 
pulmonary valve into the right ventricular cavity (fig 
2). The characteristics of these Doppler signals were 
identical with those seen in the patients with pulmon- 
ary regurgitation. 


DISTINGUISHING THE JET-LIKE DISTURBED 
FLOW FROM OTHER FLOWS IN THE RIGHT 
VENTRICULAR OUTFLOW TRACT 

Flow velocity measured around the jet-like disturbed 
flow fell off abruptly. No other rapid flows were 
detected near the jet-like flow in the right ventricular 
outflow tract during diastole. Careful examination, 
however, showed two kinds of slow stream near the 
pulmonary valve in the right ventricular outflow tract 
in diastole (fig 3). One was a flow toward the 
pulmonary valve in the anterior and central parts of 
the outflow tract, and the other was a flow away from 
the pulmonary valve, on the septal side. The flow 
towards the valve seemed to be the tricuspid inflow 
reaching the outflow tract. Reversal of this flow just 
beneath the pulmonary valve may give rise to the flow 
away from the valve. The jet-like disturbed flow was 
quite different from these flows in velocity and 
topography. 
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SIMILARITY BETWEEN JET-LIKE FLOW 
DISTURBANCE SIGNALS IN HEALTHY SUBJECTS 
AND REGURGITANT SIGNALS IN PATIENTS WITH 
PULMONARY REGURGITATION 

Twelve of the 40 patients with cardiopulmonary 
disease had a pulmonary regurgitant murmur. This 
produced jet-like signals from the coaptation site into 
the right ventricular cavity. Eight of these 12 patients 
had pulmonary hypertension. The frequency spec- 
trogram showed multiple aliasing, indicating that the 
velocity was higher than the upper limit of the 
measurable range (that is, 2 m/s) and the upper limit 
of the healthy subjects (1:5 m/s). In the remaining 
four patients (two with idiopathic dilatation of the 
pulmonary artery and two with tetralogy of Fallot 
after operation) the flow velocity was within the 
normal range. The distance reached by the regur- 
gitant flow was 20 mm or further in all 12 patients 
(fig 4). 

In the 28 patients without a pulmonary regurgitant 
murmur, we detected jet-like Doppler signals from 
the coaptation site of the pulmonary valve. Although 
these signals resembled the pulmonary regurgitant 
signals in configuration and orientation, they were 
generally shorter (> 20 mm in two patients, between 
10 and 20 mm in 16, and < 10 mm in 10). Although in 
an earlier study we reported that these signals 
indicate silent pulmonary regurgitation,’ in the last 
10 patients the signals (< 10 mm) were identical to 
those of the jet-like flow disturbance that we found in 
healthy individuals. 


Discussion 


DO THE DOPPLER SIGNALS SHOWING A JET-LIKE 
DISTURBANCE OF FLOW IN THE RIGHT 
VENTRICULAR OUTFLOW TRACT OF HEALTHY 
SUBJECTS INDICATE TRUE PULMONARY 
REGURGITATION? 

With the pulsed Doppler technique, valve regurgita- 
tion is diagnosed when high-frequency Doppler 
signals with wide-band spectrum are detected exten- 
ding backward from the malfunctioning valve. We 
found Doppler signals, showing a jet-like distur- 
bance of flow in healthy subjects, with the following 
features: (1) a long duration in diastole; (2) spurting 
from the coaptation site of the pulmonary valve, with 
velocity toward the right ventricular cavity; (3) 
spindle-like configuration; (4) and a flow velocity that 
was nearly the same as the transpulmonary pressure 
difference. The falling off in velocity towards end 
diastole also corresponds to the time course of the 
transpulmonary pressure gradient in diastole. Apart 
from the distance reached by the jet all features 
resemble the signals recorded in pulmonary regur- 
gitation. In those patients with cardiopulmonary 
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Fig3 Doppler signals surrounding the jet-like disturbance of flow in the subpulmonary region in a healthy 28 year old man 
a) Left: sample volume for Doppler signals lies near the pulmonary valve in the central part of the right ventricular outflow 

tract (arrow). (a) Right: slow flow towards the pulmonary valve was recorded by the sample volume (a, left) in diastole 

(b) Slow flow away from the pulmonary valve was recorded near the interventricular septum. (c) There were Doppler signal 

with a wide-band frequency spectrum in a localised area close to the coaptation site of the pulmonary valve. These were distin 

from the flozos seen in a and b. See fig 1 for abbreviations. 
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Fig4 


disease who might have silent pulmonary regurgita- 
tion, the length of the jet was less than that in the 
patients with documented pulmonary regurgitation 
and more than that in the healthy subjects. This 
continuous spectrum of Doppler signals from con- 
firmed pulmonary regurgitation to normality sug- 
gests that when a jet-like flow disturbance is found in 








Doppler signals in a 40 year old woman with Eisenmenger's syndrome and a pulmonary regurgitant murmur. 
Parasternal sagittal view of the basal part of the heart and its diagram (above). The region where pulmonary regurgitant 
Doppler signals were detected is shown by thick white dots. The frequency spectrogram of the pulmonary regurgitant Doppler 
signals (below) shows aliasing, indicating that the regurgitant jet had a high velocity caused by pulmonary hypertension. See 
fig 1 for abbreviations. 


healthy subjects it should be interpreted as trivia 
pulmonary regurgitation. 

But there may be explanations other than regur- 
gitation through the pulmonary valve for this flow 
disturbance in healthy subjects: (a) the pulmonary 
ejection flow which reverses just above the pulmon- 
ary valve in the pulmonary trunk may be mistaken for 
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a pulmonary regurgitant flow; (b) the closing 
movements of the pulmonary cusps can cause flow 
away from the pulmonary valve that mimicks pul- 
monary regurgitation; (c) the tricuspid inflow stream 
reaching the right ventricular outflow tract could 
reverse just beneath the pulmonary valve to form the 
flow which is confused with a pulmonary regurgitant 
flow. The first possibility is ruled out because 
Doppler signals showing a jet-like flow disturbance 
are detected only just beneath the pulmonary valve 
and never in the pulmonary trunk. The second 
possibility is ruled out because the Doppler signals 
persist throughout diastole. It is true that the tricus- 
pid inflow reached the right ventricular outflow tract 
and became reversed just beneath the pulmonary 
valve. However, it produced Doppler signals that 
were conspicuously different from the jet flow that we 
detected. 

Yock et al detected flow in the opposite direction to 
right ventricular ejection during diastole in 40°,, of 


healthy adults by the continuous wave Doppler, 


technique.” They thought that the Doppler signal 
represented pulmonary regurgitant flow because the 
flow signal was enhanced by intravenous injection of 
saline and because the application of the modified 
Bernoulli equation to this flow signal predicted a 


Healthy subjects 


32 cases 


Patients without 
PR murmur 
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pressure difference of <10 mm Hg, which is 
equivalent to the retrograde transpulmonary 
difference in diastole. The continuous wave Doppler 
technique does not distinguish the abnormal flow 
signals from the surrounding flow signals. In the 
present study, the pulsed Doppler technique clearly 
demonstrated that the Doppler signals from jet-like 
flow disturbance were confined to the region extend- 
ing from the coaptation site of the pulmonary valve 
into the right ventricular cavity and were distinct 
from the other surrounding flows. 

Because this kind of flow was invariably detected in 
the healthy subjects in whom the coaptation site of 
the pulmonary valves was clearly imaged on the cross 
sectional echocardiogram, we assume that it is nor- 
mal for healthy subjects to have trivial regurgitation 
through the pulmonary valve. 


CAUSES OF REGURGITATION THROUGH THE 
NORMAL PULMONARY VALVE 

The semilunar valves are designed to eject the blood 
effectively and to prevent regurgitation." ^ So why 
should trivial regurgitation through the pulmonary 
valve be a normal finding in healthy individuals? 
Certainly the pulmonary valve is less tight than that 
of the aortic valve" " (that is, it has a less tight fibrous 
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Fig5 The maximum distances reached by the diastolic disturbed flow signal in healthy subjects and in patients with 
cardiopulmonary disease. The maximum distance was measured in 32 healthy subjects in whom the pulmonary valve was well 
visualised. The distance was < 10 mm in 31 of them. In all the patients with a pulmonary regurgitant murmur the distance was 
>20 mm. In the group of patients with no pulmonary regurgitant murmur the maximum distance lay between that of the 
healthy group and the group with a murmur. D, maximum distance of regurgitant signal; PR, pulmonary regurgitant. 
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ring, thinner cusps, a more hypoplastic Alantius 
nodule, and shallower sinuses). Furthermore, the 
retrograde pressure gradient through the pulmonary 
valve in diastole may not be enough to close the valve 
as tightly as the aortic valve. 

This tendency to regurgitation may mitigate 
against lung congestion by moderating the pressure 
rise in the pulmonary capillaries by reducing the 
excessive preload to the left side of the heart. 


CLINICAL IMPLICATION 

Patients with rheumatic heart disease often have 
Doppler signals typical of pulmonary regur- 
gitation.^* In some, these were thought to indicate 
silent pulmonary regurgitation.* The present study, 
however, shows that such signals are not always 
abnormal, because healthy individuals commonly 
have trivial pulmonary regurgitation. Therefore, 
whenever pulmonary regurgitant signals are de- 
tected, their clinical significance should be assessed 
before they are attributed to cardiopulmonary 
diseases. 

The signals have two important properties. The 
first is velocity, which may reflect a retrograde 
transpulmonary pressure difference during diastole. 
In healthy individuals the transpulmonary pressure 
gradient is small in diastole. Maximal velocity was 
« 1:5 m/s of all our healthy individuals, and this is 
consistent with the normal retrograde transpulmon- 
ary pressure difference expected of <4 x 1:5? = 9 
mm Hg (modified Bernoulli equation). In those with 
pulmonary hypertension, the maximal velocity of the 
pulmonary regurgitation was well above the 
physiological range. In patients with pulmonary 
regurgitant murmur, but not pulmonary hyperten- 
sion, the regurgitant flow velocity was the same as 
that in healthy subjects. This finding is discussed 
below. 

The second important property of the pulmonary 
regurgitant signal is the maximum distance travelled 
by the signals from the pulmonary orifice into the 
right ventricle. The maximum distance travelled by 
regurgitant *signals from the regurgitant orifice 
correlated roughly with the degree of regurgitation.*' 
While the distance was usually «10 mm in the 
healthy individuals, it was >20 mm in all 12 patients 
with pulmonary regurgitant murmurs in whom 
regurgitation was an expected finding. Distances of 
X10 mm may be accepted as being within the 
physiological range, those >10 mm to 20 mm as 
borderline, and those 220 mm as indicating chn- 
1cally important regurgitation (fig 5). 

The figure of 10 mm is not an absolute marker for 
pulmonary regurgitation. This is because it: is 
difficult to measure accurately the precise distance 
reached by the pulmonary regurgitant signal because 
the right ventricular outflow tract is anatomically 
complex. There are still problems with resolution 


Takao, Miyatake, Izumi, Okamoto, Kinoshita, Nakagawa, Yamamoto, Sakakibara, Nimura 


and gain with current equipment. Nevertheless, 
these difficulties should not obscure the importance 
of measuring this distance which, together with the 
velocity, is the major determinant for assessing the 
clinical significance of signals indicating pulmonary 
regurgitation. 

This work was supported in part by the Grant-in Aid 
for Development Scientific Research from the 
Ministry of Education, Science and Culture of Japan, 
1984, 1985. 
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- Limitations in assessing the severity of aortic stenosis 
by Doppler gradients 
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From the * Departments of Clinical Physiology and t Cardwvascular Surgery, Haukeland Hospital, Umversity 
of Bergen, Norway 


SUMMARY Continuous wave Doppler echocardiography was performed before cardiac catheter- 
isation in 69 consecutive patients with suspected aortic stenosis. Agreement between the maximum 
and the mean Doppler gradients and catheterisation gradients was good. Doppler echocardiogra- 
phy, however, systematically underestimated the maximum and mean gradients, particularly in the 
high range. Stepwise regression analysis of the small pressure difference between the two methods 
showed that it could not be explained by age, sex, stroke volume, differences in heart rate, ejection 
fraction, the presence of coronary artery disease, or severity of aortic regurgitation. There was a 
negative curvilinear correlation between the maximum and mean Doppler gradients and the aortic 
valve areas that were measured at catheterisation in patients with pure aortic stenosis. The degree 
of correlation decreased when patients with concomitant aortic regurgitation were included. The 
scatter of gradients above and below the correlation line was large and this was caused by low and 
high transvalvar flow. 

These results show that the usefulness of Doppler gradients for judging the severity of aortic 
stenosis, both in relation to immediate diagnosis and follow up, is severely limited if transvalvar 
flow is not taken into account: 


Several recent studies have shown the usefulness of 
Doppler echocardiography in assessing the systolic 
transvalvar pressure gradient in aortic stenosis.'? In 
these studies and in others** variables were studied 
that might cause differences between calculated 
Doppler gradients and those measured at cardiac 
catheterisation, such as the age of the patient, the 
presence of aortic regurgitation, atrial fibrillation, 
low cardiac output, left ventricular function, 
associated coronary artery disease, and the 
experience of the operator with the Doppler tech- 
nique. But such variables were only evaluated by 
subgroup analysis. 

The decision on whether a patient should undergo 
aortic valve replacement is primarily based on the 
assessment of the aortic valve area, which is regarded 
as the most exact laboratory value.’ Although the 
systolic pressure gradient is an important determin- 
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ant of the area, as reflected in the Gorlin formula,’ the 
calculated area 1s also influenced by the transvalvar 
flow. 

The object of our study was to evaluate the 
usefulness of transvalvar gradients measured by 
Doppler echocardiography in predicting the severity 
of aortic stenosis (determined as the aortic valve area 
at catheterisation) in consecutive patients. To over- 
come some of the previous limitations of subgroup 
analysis we used stepwise regression analysis to 
assess the influence of physiological variables on the 
differences between the Doppler and catheterisation 
gradients. 


Patients and methods 

PATIENTS 

Sixty nine consecutive patients (42 men) referred for 
cardiac catheterisation with suspected aortic sten- 
osis, alone or in combination with other valve lesions, 
were evaluated from January 1985 to May 1986. The 
mean (SD) age was 62 (10) years (range 29-76 years); 
only eight patients were less than 50 years old. 
Fifteen patients also had aortic regurgitation (grades 
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3+ or more) and two of these had mitral regurgita- 
tion (grades 3-- or more)? In addition, one patient 
had combined mitral stenosis and regurgitation, one 
had mitral regurgitation, and one had a prosthetic 
mitral valve. 

Coronary artery stenoses (>50% luminal reduc- 
tion) were found in 29 (42%) patients; two of these 
were less than 60. The angiographic ejection fraction 
ranged from 23 to 90% (mean (SD) 69 (13) %) and 
the stroke volume from 30 to 179 (mean 75 (27)) ml. 
The patients were in sinus rhythm, except for three 
with atrial fibrillation. To analyse the Doppler and 
catheterisation data we used an average of at least 
three heart cycles (10 cycles for the patients with 
atrial fibrillation). The Doppler examination was 
performed in all patients < 48 hours before catheter- 
isation (usually the day before). All patients were 
clinically stable in the time between the two examina- 
tions. The mean (SD) heart rates during the Doppler 
and catheterisation examinations were 73 (16) (range 
49-112) and 73 (15) (range 45-112) beats/min. No 
patient was excluded from the study because of 
unsatisfactory Doppler data. 


DOPPLER ECHOCARDIOGRAPHY 

The continuous wave Doppler examination was 
performed with an IREX Meridian TM system with 
a 2 MHz independent transducer and a combined 
2-3/3-5 MHz Doppler and cross sectional echo 
transducer. Measurements of the ascending aortic jet 
were routinely done from the suprasternal or right 
parasternal windows with the independent trans- 
ducer and from the apical window with the combined 
and/or independent transducer. Optimum Doppler 
recordings were obtained by locating the signal of 
highest audible frequency that gave the most clearly 
defined spectral velocity envelope and maximal 
velocity. Estimator functions were not used. We did 
not correct for a presumed angle between the Dop- 
pler beam and the maximum aortic jet. 

The maximum velocity was assessed manually and 
converted to the instantaneous maximum pressure 
gradient by the modified Bernoulli equation”: AP = 
4V?, where AP = pressure gradient (mm Hg) and V 
= velocity of the blood (m/s). The mean gradient was 
derived from the IREX Meridian measurement and 
an analysis software package that integrates the 
spectral velocity envelope at every 10 ms and cal- 
culates the mean of the instantaneous gradients 
derived from the above equation. 


CARDIAC CATHETERISATION 

'The procedures were done from the percutaneous 
femoral approach. The left ventricle was catheterised 
by the retrograde or transseptal technique. Cardiac 
output was measured by the thermodilution method, 
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left ventricular angiography was performed in the 30° 
right oblique projection, and aortography in the 45° 
left oblique position. Selective coronary angiography 
(Judkins technique) was done in all patients aged 
over 30. 

Intravascular pressure was recorded through fluid 
filled catheters with the transducer at the midaxillary 
level. In 55 patients the aortic valve gradient was 
measured from the immediate pullback pressure in 
the ascending aorta superimposed on the ventricular 
recording. Simultaneous pressure tracings obtained 
by the transseptal technique were used in 14 patients. 
We measured the instantaneous maximum, the 
traditional peak to peak, and the mean systolic 
pressure gradients. The aortic valve area was cal- 
culated from the Gorlin equation.’ In patients with 
clinically significant valve regurgitation we used 
single plane angiographic assessments of stroke 
volume” instead of the thermodilution data to cal- 
culate the area. 


STATISTICAL ANALYSIS 

Data are expressed as mean (1 SD). All tests were two 
tailed and the level of significance was set at p < 0-05. 
Student's t test was used to compare mean differen- 
ces between groups. The agreement between Dop- 
pler and catheterisation gradients was evaluated 
according to the method of Altman and Bland." We 
"used stepwise regression analysis, forwards and 
backwards? (MINITAB statistical software’), to 
assess the possible influence of independent variables 
on the differences between Doppler and catheterisa- 
tion gradients. A non-linear relation was derived for 
the associarion between pressure gradients and the 
aortic valve areas after logarithmic transformation to 
fit linear regression." 


Results 


AGREEMENT BETWEEN PRESSURE GRADIENTS 

There was good agreement between the maximum 
Doppler gradients and those measured by catheter- 
isation (fig la). The maximum Doppler gradients 
ranged from 16 to 144 mm Hg (mean 80 (33) mmHg) 
and those at catheterisation from 19 to 182 mm Hg 
(mean 85 (37) mm Hg). The mean Doppler gradients 
ranged from 10 to 102 mm Hg (mean 51 (23) mm Hg) 
and the mean catheterisation gradients from 11 to 141 
mm Hg (mean 58 (28) mm Hg). Again these were in 
close agreement (fig 1b). For one obvious outlier, 
however, a mean catheterisation gradient of 141 mm 
Hg was estimated by Doppler to be 85 mm Hg. The 
corresponding maximum gradients were 182 and 148 
mm Hg. The generally good agreement between the 
maximum and mean gradients obtained by the two 
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methods also applied to the 15 patients with aortic 
stenosis and regurgitation (fig 1a and b). 


DIFFERENCE BETWEEN PRESSURE GRADIENTS 

The maximal Doppler (p < 0-001) and catheterisa- 
tion gradients (p « 0-001) were significantly higher 
and different from the peak to peak gradients at 
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catheterisation, which ranged from 4 to 153 mm Hg 
(mean 66 (35) mm Hg). Compared with the catheter- 
isation gradients, the Doppler technique sys- 
tematically underestimated both the maximum and 
the mean gradients, particularly in the high range. 
This caused on average a small but significant 
pressure difference between the two methods for 
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Figli The difference between (a) maximum and (b) mean catheterisation and Doppler systolic pressure gradients tn relation 
to the average pressure measured by both methods. O pure aortic stenosis (n = 54); A aortic stenosis and regurgitation (n = 


15). 
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Fig2 The relation of systole pressure gradients to the aortic valve area (a) Maximal Doppler gradients versus aortic valve 
areas, (b) Mean Doppler gradients versus aortic value areas. The non-linear correlation with 95% confidence mterval was 
calculated for patients with pure aortic stenosis only (n = 54). DF, degrees of freedom; MS, mean square; SS, sum of 


squares; REG, regression; RES, residual See fig 1 for symbols. 
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both the maximum (p « 0:001) and mean gradients 
(p « 0-001). In stepwise regression analysis this 
difference could not be explained by age, sex, stroke 
volume, ejection fraction, the presence of coronary 
artery disease, severity of aortic regurgitation, or 
differences in heart rate between the two examina- 
tions. There were too few (three) patients with atrial 
fibrillation for this feature to be included as an 
independent variable in the stepwise regression 
analysis. 


RELATION OF PRESSURE GRADIENTS TO AORTIC 
VALVE AREAS 

As predicted by the Gorlin equation,' a negative 
curvilinear function described the relation between 
the maximum (r ^ —0-73) and the mean (r = —0-74) 
Doppler gradients and the aortic valve areas at 
catheterisation in the patients with pure aortic sten- 
osis (n = 54) (fig 2a and b). This correlation 
decreased when the patients who also had aortic 
regurgitation (n = 15) were included (r = —0-65 and 
—0-66 respectively). There was a large scatter of 
pressure gradients above and below the correlation 
lines. For critical areas «0:75 cm? the range of 
maximum and mean Doppler gradients was 31 to 144 
and 17 to 102 mm Hg respectively. The scatter of the 
maximal and peak to peak catheterisation gradients in 
relation to the areas was similar (detailed data not 
shown). 


Discussion 


The area of the aortic valve is usually considered to be 
more reliable than the systolic pressure gradient in 
predicting the need for valve replacement in patients 
with aortic stenosis Although Doppler echocar- 
diography accurately detected the transvalvar 
gradients, the curvilinear relation between the pres- 
sure gradients and the aortic valve areas was less 
exact. In fact, the range of Doppler gradients for a 
given area was wide. According to the Gorlin for- 
mula, this scatter of gradients is the result of 
variations in transvalvar flow. It could not be 
explained by the small differences between the 
Doppler and catheterisation gradients. When trans- 
valvar flow is low small valve areas can be seen with 
low gradients, especially in patients with poorly 
contracting or small hypertrophied left ventricles. 
Valve areas that are larger than predicted from 
pressure gradients are seen when the transvalvar flow 
is increased, as in patients with aortic regurgitation 
and other high output cardiac states.” '? 

Although the presence of aortic regurgitation, or 
other causes of a high stroke volume, did not 
significantly influence the measurement of Doppler 
pressure gradients in this study, the aortic valve areas 
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could not be predicted from the pressure gradients 
alone in such patients. Thus high or low transvalvar 
flow severely limits the accuracy of the Doppler 
method in assessing the aortic stenosis. Furthermore, 
during follow up an unchanged gradient does not 
exclude the possibility of a significant decrease of the 
aortic valve area. However, the development of 
Doppler techniques that non-invasively assess the 
cardiac output? 5 or the actual aortic valve area? 
largely overcomes these limitations of the Doppler 
method. 

Despite the close agreement between the trans- 
valvar pressure gradients obtained by Doppler and 
catheterisation the Doppler technique systematically 
underestimated the results of catheterisation data, 
particularly gradients in the high range. This caused 
the Doppler gradients to be on the average slightly, 
but significantly, lower than those at catheterisation. 
In stepwise regression analysis the small pressure 
difference between the two methods was unrelated to 
age, sex, stroke volume, ejection fraction, the 
presence of aortic regurgitation, coronary artery 
disease, or differences in heart rate between the two 
examinations. 

Previous studies that assessed various subgroups 
alone,’ or combined with linear regression analysis? 
did not find that the correlation coefficients were 
influenced by low cardiac output, left ventricular 
function, or associated coronary artery disease. A 
recent study, however, that used the same statistical 
method, found that experience with the Doppler 
technique, the presence of aortic regurgitation, and 
atrial fibrillation did. Stepwise regression analysis 
avoids splitting the study population into small 
subgroups and thus may partly explain why our 
results were different. The good agreement between 
the Doppler and catheterisation gradients in this 
study might, however, be partly the result of having 
few patients in the study group with atrial fibrilla- 
tion. On the other hand, we did include consecutive 
patients and did not exclude any Doppler data from 
the analysis. Thus we found that experience with the 
technique and the use of several transducer positions 
seem to be more important than other physiological 
factors for obtaining a reliable Doppler gradient. 

Technical errors may contribute to differences in 
measuring gradients. These include the fidelity of the 
fluid filled 'catheter system, catheter induced 
artefacts, and phase shifts between non-simultaneous 
measurements of left ventricular and aortic pres- 
sure.* On the other hand, the Doppler results are 
influenced by angle errors, experience, the use of 
multiple transducer positions, and assumptions in 
the modified Bernoulli equation.^' Although the ` 
Doppler and catheterisation measurements were not 
simultaneous in our study, this seems to have had 
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little effect on their compatibility. 

We conclude that Doppler echocardiography is 
accurate in assessing the systolic transvalvar pressure 
gradients in patients with aortic stenosis and is less 
influenced by physiological factors than previously 
reported. Although there is a significant negative 
curvilinear relation between Doppler gradients and 
aortic valve area, we found that, in contrast with 
earlier reports,” this association is not accurate 
enough to be the basis for a decision about valve 
replacment if the transvalvar flow is not also assessed. 
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Cardioangiographic findings in patients with 
arrhythmogenic right ventricular dysplasia 
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SUMMARY The dimension, contractility, and regional wall motion of the right and left ventricles 
were scored on the angiograms of 13 patients with arrhythmogenic right ventricular dysplasia. In 
10 patients the right ventricle was enlarged, in eight the contractility of the right ventricle was 
reduced, and in all but one patient there were regional wall motion abnormalities of the right 
ventricle. The most common abnormality of regional wall motion was mild hypokinesia. There 
were bulging or dyskinetic areas in seven patients. Regional wall motion abnormalities of the left 
ventricle were found in five patients, two of whom also had bulging or dyskinetic areas. The 
reproducibility of right ventricular dimension, contractility, and regional wall motion scores was 
generally fair but varied unexpectedly both within and between two observers (Kendall's Tau 
0:38—0-92). The score values of regional wall motion for some of the segments differed considerably 
within and between observers. One of the observers consistently gave higher scores than the other. 

These data suggest that a more objective approach is needed for evaluating angiographic changes 


in arrhythmogenic right ventricular dysplasia. 


Patients with arrhythmogenic right ventricular 
dysplasia usually have recurrent right ventricular 
tachycardia’? and variable replacement of right 
ventricular myocardial tissue by adipose and fibrous 
tissue.*? The clinical diagnosis is based on demon- 
stration of morphological changes in the right 
ventricular wall in the absence of any other identifia- 
ble structural heart or pulmonary disease.'? 
Although right ventricular wall motion abnor- 
malities can also be detected by echocardiography,” 
radionuclide angiography, ®™ and cine-computed 
tomography," right ventricular angiography is 
generally regarded as the standard in the diagnosis of 
arrhythmogenic right ventricular dysplasia.??* 
Recently, certain regional right ventricular angio- 
graphic characteristics were suggested as diagnostic 
criteria for this disorder.” It is not known how 
reproducible these measurements are, however. 
The objective of our study was to describe and 
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evaluate the angiographic findings in a group of 
patients with arrhythmogenic right ventricular dys- 
plasia, and to try to assess the reproducibility of 
global and regional right ventricular findings within 
and between observers. 


Patients and methods 


We studied 13 patients (nine men and four women, 
mean age 34) referred with ventricular tachycardia 
and with a history and clinical findings consistent 
with arrhythmogenic right ventricular dysplasia 
(table 1). All patients had ventricular tachycardia 
with a left bundle branch block configuration. Elec- 
trophysiological testing in 10 confirmed the right 
ventricular origin of the ventricular tachycardia. No 
patient was in cardiac feilure at the time of the study. 
Arrhythmogenic right ventricular dysplasia was 
diagnosed on the basis of the characteristics of 
ventricular tachycardia, the results of signal- 
averaged surface electrocardiogram and electro- 
physiological studies, echocardiographic findings, . 
and radionuclide angiography or cinecardioan- 
giography or both. No patient had clinical or 
angiographic evidence of coronary artery disease or 
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Table 1 
ventricular dysplasia 


7 


Clinical details and a summary of right ventricular wall motion abnormalities in 13 patients with arrhythmogenic right 








Age Symptom X ray 
Case f£ yr) and duration ECG heart AA treatment 
No sex ( months j T inv Q waves size during study 
2 25 M 144 VI-V4 0 ^(RV4) 0 ] 
3 31 M 288 V1-V4 V6 ^ (RV) Quinidine, digitalis 23 
7 41 M 3 Vi, IH 0 N Sotalol 13 
8 15 M 5 V1-V4, aVE-THT 0 N o 9 
9 41 F 31 0 0 N Mexiletine, disopyramide i0 
10 35 M 84 VI-V4, HI aVF- a Flecainide Q 
i 25 M 7 Vl-V3 VI-V3 N Metoprolol, tocainide a0 
13 49 F 300 VI 0 N Flecainide H 
14 49 F 48 Vi-V2 0 N(RV+) 0 12 
15 40 M 4 Vi 0 N Metoprolol 8 
16 25 M 48 V1-V2, aVF-1H 0 a (RV) 0 24 
17 36 M 12 Vi 0 ^ (RV *) 0 13 
19 M F 12 Vi 0 N Sotalol i6 


Heart size was measured by calculating the relative cardiac volume. AA, antiarrhythmic; N, normal; RV +, prominent right ventricle: 
RWMS, right ventricular regional wall motion score; T inv, T wave inversion; 7, increased heart size. 


other organic heart disease. The long term follow up 
of ten patients in this series has been reported earlier, 
and the case numbers assigned to them have been 
retained." 


CARDIOANGIOGRAPHY 

Right ventricular cineangiography was performed 
from the femoral approach with an 8 F Grollman 
catheter. Contrast was injected into the right atrium 
in three patients, into the right ventricle in seven, and 
into both cavities in three patients. The left ventricle 
was visualised in the levophase after injection of 
radio-opaque dye into the right ventricle in five 
patients and by selective left ventricular angiography 
in eight patients. Approximately 50 ml of Isopaque 
Coronar (metrizoate), 370 mg I/mol, was injected at 
a rate of 13 ml/s. Angiograms were acquired at 75 
frames per second and presented in both right 
anterior oblique and left anterior oblique projections. 
'The ventriculograms were reviewed independently 
by experienced observers who did not known the 
patient's identity and clinical status. The evaluations 
were performed according to a standardised 
protocol, but the observers were also instructed to 
comment on abnormal findings not included in the 
protocol. Right and left ventricular dimensions were 
visually assessed as normal, mildly, moderately, or 
considerably enlarged (scored 1, 2, 3, and 4 respec- 
tively). The overall contractility was classified as 
normal, fair, poor, or as severely hypokinetic (scored 
1, 2, 3, and 4 respectively). 

To evaluate regional wall motion, the right and left 
ventricles were divided into segments (fig 1). Each 
segment was classified as normal, mildly, or severely 
hypokinetic, akinetic or dyskinetic (scored as 1, 2, 3, 
4, and 5 respectively). The right ventricular outflow 
tract was classified as normal or wide (scored as 1 and 


5 respectively). Segment scores were added, and the 
wall motion score of the right ventricle was expressed 
numerically. The minimum/maximum wall motion 
score for the right ventricle was 8/40. The left 
ventricular ejection fraction, measured in ll 
patients, was calculated by the single plane area 
length technique." Each patient had coronary 
arteriography. In some patients medication could not 


Right ventricle 


LAO RÀO 





LAO 





Fig 1 


In the left anterior oblique ( LAO) view each 
ventricle was divided into four segments. In the right anterior 
oblique (RAO) view the right ventricle was divided into four 
and the left ventricle into five segments. 


558 


Blomstróm- Lundqvist, Selin, Jonsson, Johansson, Schlossman, Olsson 








Table2 Right ventricular regional wall motion scoring in 13 patients with arrhythmogenic right ventricular dysplasia 
Total 
Mild Severe Dyskinesia abnormalities 

Region Normal hypokinesia hypokinesia Akinesia (wide) ( cases ) 
LAO: 

RI 9 2 1 ( 1 4 

R2 7 4 1 ( 1 6 

R3 9 0 2 1 1 4 

R4 7 — — — (6) 6 
RAO: 

R5 9 4 0 0 4 

R6 8 4 0 C l 5 

7 6 4 1 1 7 

R8 5 3 I 0 4 8 

Total (regions 60 21 6 2 9(6) 


————————————————— 
The numbers of patients are shown unless stated otherwise. Mild hypokinesia was the most frequent regional wall motion abnormality (21 
regions); this was evenly distributed among the segments in the right ventricle. Dyskinesia was most often seen in the inferobasal region (R8), 
which was also the most commonly involved region in arrhythmogenic right ventricular dysplasia. LAO, left anterior oblique view; R, right 


ventricular segment; RAO, right anterior oblique view. 


be safely discontinued at the time of the study 
(table 1). 


STATISTICAL METHODS 

To assess the reproducibility of right ventricular 
findings, between and within observers, each 
angiogram was interpreted both by a pair of 
observers on one occasion (observers 1) and also by 
one observer (observer 2) on two occasions separated 
by an interval of several weeks. We assessed the 
reproducibility by calculating Kendall's Tau,, which 
is a measure of rank correlation." Kendall's Tau was 
also used to test the null hypothesis of zero correla- 
tion in the underlying population. 

'To assess whether there was any bias in awarding 
high or low scores we compared the proportions of 
high scores for each of the ten variables (dimension, 
contractility, and regional wall motion in segment R1 
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Fig2 Right ventriculogram of patient 16 from the right anterior oblique view. There are dyskinetic outpouchings in the 


to R8) awarded by observers 1 and 2 and between the 
first and second interpretation of observer 2. Scores 
of 3 and 4 or 4 and 5 were defined as high for global 
and regional changes respectively. The two sided 
exact binomial test (sign-test) was used to compare 
the proportions. 


Results 


MORPHOLOGICAL FINDINGS 

The following angiographic findings were reported 
by the two observers. The right ventricle was enlar- 
ged in ten patients, eight of whom also had a reduced 
overall contractility. All but one patient (case 15) had 
abnormal regional wall motion of the right ventricle. 
This patient, however, was twice judged by observer 
2 to have abnormal wall motion on angiography. The 
most frequent local wall motion abnormality was a 





inferior segments of the right ventricle where stagnation of contrast is evident. (a) End systole and (b) end diastole. 
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systole and ( b) end diastole. 


mild hypokinesia (table 2). Most changes in regional 
wall motion were found in the inferior portion of the 
right ventricle (segments R7 and R8). Pronounced 
bulging, outpouchings, or dyskinetic areas were 
found in seven patients. These changes were most 
common in the inferior segments (fig 2), but were also 
seen in the anterolateral, septal, and apical regions 
(table 2). Elimination of dye in the dyskinetic regions 
was always slow. Deep fissuring of the anterior right 
ventricular wall was evident in one patient (case 3) 
(fig 3). A wide right ventricular outflow tract was 
found in six patients. The right ventricle was con- 
siderably trabeculated in two patients (cases 2 and 3) 
(fig 4). In two patients (cases 8 and 13) abnormal 
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Fig3 Right ventriculogram of patient 3 from the right anterior oblique view. Note the fissuring of the anterior wall. (a 





End 


regional wall motion was recognised only in one 
projection; this was the left anterior oblique and right 
anterior oblique respectively. 

The left ventricle was slightly or moderately 
enlarged in three patients (cases 3, 11, and 16), all of 
whom had a considerably enlarged right ventricle 
The overall contractility was classified as fair in two 
patients (cases 16 and 19) and poor in one (case 3), but 
it was normal in all other patients. Abnormal regional 
wall motion of the left ventricle was found in four 
patients, all of whom had evidence of functional 
impairment and three of whom had only mild 
hypokinesia. Outpouchings or dyskinetic regions 
were found in only one patient (case 3). This patient 





Fig4 Right ventriculogram of patient 2 from the right anterior oblique view. The right ventricle is enlarged, hypokinetic, 
and considerably trabeculated. There is dyskinesia in the inferobasal segments. (a) End systole and (b) end diastole 
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Fig5 Left ventriculogram of patient 3 from the left anterior oblique view. There is dyskinesia in the posterior segments. (a) 


End systole and (b) end diastole. 


also had pronounced abnormalities of right ven- 
tricular wall motion (fig 5), and the posterior region 
of the left ventricle was as trabeculated as the right. 
The left ventricular ejection fraction was normal 
(> 60°,,) in all but one patient (43%, in case 3). There 
was no important tricuspid or mitral valve regurgita- 
üon or other valve abnormality. The coronary 
arteriograms showed no significant stenosis. 


REPRODUCIBILITY OF RIGHT VENTRICULAR 
FINDINGS 

Table 3 shows the reproducibility of right ventricular 
findings within and between observers. Although 
there was a statistically significant positive correla- 
tion between dimension scores, contractility scores, 
and, in most segments, between regional wall motion 
scores within and between observers, reproducibility 
as measured by Kendall's Tau was generally only 
fair. The reproducibility of regional wall motion 


Table3 Values of Kendall's Tau, 


Interobserver Intraobserver 


correlation p value correlation p value 
Dimension 0-92 0-0002 0-62 0:0123 
Contractility 0-65 0-0131 0-70 0:0089 

0:55 0:0403 0:82 0-0036 
R2 0:38 NS 0-76 0-0050 
R3 0-48 NS 0:63 0.0160 
R4 0-85 0-0031 0.63 0:0304 
R5 0-94 0-0007 0:54 0:0433 
R6 0:43 NS 0:47 NS 
R7 0-73 0-0044 071 0-0061 
R8 0:59 0:0213 0:68 0:0095 


R, right ventricular segment; NS, not significant. 


scores within and between observers varied widely 
among the different segments (fig 6). It was poor for 
segments R2, R3, and R6 between observers 1 and 2, 
and also for segment R6 between the first and second 
interpretations of observer 2 (table 3). 

The differences in score values within and between 
observers were considerable for some segments. For 
example segments R7 and R8 were both scored as 5 
by observer 1 while observer 2 scored them as 2 and 1 
respectively. The proportion of high and low scores 
differed significantly between observers 1 and 2, the 
former consistently gave higher scores (p < 0:05). 
This pattern of preference towards high or low scores 
was not seen between the interpretations from 
observer 2 (NS). 


Discussion 


Most cardiologists use selective right ventriculogra- 
phy to diagnose arrhythmogenic right ventricular 
dysplasia, especially in patients with atypical clinical 
signs or electrocardiographic findings.'? The right 
ventricular angiographic abnormalities in this disor- 
der have been described as localised bulges or 
diverticular outpouchings, a feathery appearance of 
or non-opacified areas in the outflow tract, deep 
fissuring or cauliflower-like appearances of the 
anterior wall, and slow clearance of dye adjacent to 
poorly contracting areas.’ '’ '* The segmental impair- 
ment of the right ventricle has also been described in 
terms of regional hypokinesia, akinesia, or dyskin- 
esia.’ *? In a recent review of angiograms in eight 
patients with arrhythmogenic right ventricular dys- 
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Fig6 Degree of correlation, as measured by Kendall's Tau, for right ventricular dimension, contractihty, and regional wall 
motion m eight segments ( RI-R8), unthin (dotted lies) and between (continuous lines) observers. 


plasia, the presence of four predetermined regional 
changes was assessed and diagnostic criteria were 
established.? Fissuring distal to the moderator band, 
stagnation of contrast in the inferior regions, and 
irregular opacification of the infundibulum were 
found in most patients. None of these lesions was 
found in a comparable group of cases with dilated 
cardiomyopathy, and this emphasises the segmental 
nature of the morphological changes in arrhyth- 
mogenic right ventricular dysplasia. 

The right ventricular findings in the present group 
of patients accorded with earlier descriptions of 
angiographic changes in arrhythmogenic right ven- 
tricular dysplasia. T'he effect of antiarrhythmic drugs 
on cardiac contractility is unpredictable in an 
individual patient and such agents may have accoun- 
ted for the reduced global contractility in some of our 
patients. The functional impairment of the left 
ventricle was, however, minor and limited to a few 
patients, which argues against any important effect 
on the observed regional wall motion abnormalities 
of the right ventricle. 

Unlike previous studies, the angiograms in the 
present report were systematically examined accord- 
ing to a standardised protocol in order to obtain 
unbiased interpretations. Moreover, right ven- 
triculography was performed in both tbe right 
anterior oblique and left anterior oblique projec- 
tions—in some studies only the right view was used” 
and in others the views used were not clearly stated.?* 


If only right anterior oblique projections are used, 
the geometry of the right ventricle may make it 
difficult to exclude right ventricular wall motion 
abnormalities with confidence. This was demon- 
strated in one of our patients in whom a localised 
lesion was recognised in the left anterior oblique view 
only. This shows that it is important to use both the 
right anterior oblique and left anterior oblique views 
for radiography of the right ventricle. Previous 
studies found that the most frequent areas of local- 
ised lesions were the infundibulum, the apex, and the 
inferior wall of the right ventricle.? In our study the 
inferior wall was most commonly affected, whereas 
there was an even distribution of regional changes 
among the other segments. 

The types of regional wall motion abnormalities in 
the left ventricle were similar to and contiguous with 
those on the right side. Although there was a 
relatively large number of left ventricular abnor- 
malities in the present series, most of them were mild. 
It is not known how commonly the left ventricle is 
affected in arrhythmogenic right ventricular dys- 
plasia; however, it may be more than previously 
recognised.'??! In the largest series published to date 
only one out of 22 patients showed angiographic 
evidence of left ventricular abnormalities." Radionu- 
clide angiography during exercise showed that in 
patients with arrhythmogenic right ventricular dys- 
plasia the left ventricle was affected more often than 
previously recognised." The frequency with which 
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left ventricular abnormalities are detected may thus 
be a reflection of the method used. None the less, 
since there is evidence of a close interrelation bet- 
ween the functions of the right and left ventricles,” it 
is conceivable that the left ventricular involvernent 
seen in our patients was secondary to a compromised 
right ventricular function, particularly as the seg- 
ments affected adjoined the right ventricle. 

The sensitivity and the specificity of angiographic 
changes in identifying patients with arrhythmogenic 
right ventricular dysplasia are not known, and will 
presumably be difficult to assess. There are no 
published reports of evaluations of regional wall 
motion by right ventricular angiography in normal 
subjects. Owing to the high radiographic exposure, 
we did not consider it ethical to perform angiography 
in healthy individuals. The assessment of the 
reproducibility of right ventricular angiographic 
estimations within and between observers was thus 
all the more important, particularly because as far as 
we know this aspect has not been studied before. 
Since our data consisted of non-numerical observa- 
tions (ranked classes, scores) any statistical computa- 
tion based on numerical operations of the data 
beyond ranking was not possible. 

The correlation between right ventricular scores 
was positive and statistically significant both within 
and between observers for most variables, but it 
varied considerably among segments. The right 
ventricular apical segment (R6) gave poor 
reproducibility both within and between observers 
for scores of regional wall motion. This segment was 
also regarded as the most difficult one to image and to 
evaluate, The larger proportion of high scores repor- 
ted by observer 1 compared with observer 2 was 
discouraging but may be related to their different 
experiences. The most important finding, however, 
was that there were large differences in the scores for 
some of the variables, both within and between 
observers. There is thus a considerable subjective 
element in the visual assessment of right ventricular 
changes by angiography. This has important clinical 
implications for the diagnostic accuracy of 
qualitatively evaluated angiograms in arrhyth- 
mogenic right ventricular dysplasia, especially since 
right ventricular angiography is the standard method 
for assessing the diagnostic value of echocardiogra- 
phy and radionuclide angiography in this group of 
patents. The specificity of the angiographic 
features in arrhythmogenic right ventricular dys- 
plasia 1s unknown. In addition, right ventricular 
angiographic abnormalities are not invariably 
present in these patients?” ?* and the diagnosis may 
not be evident until a histological examination of 
myocardial tissue is obtained.?* The precise relation 
between the angiographic features and pathological 
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features remains to be defined. These circumstances 
may have led some to reject the diagnosis of arrhyth- 
mogenic right ventricular dysplasia in patients with 
right ventricular tachycardia and angiographically 
proven right ventricular regional wall motion abnor- 
malities unless confirmed by histological data.?5? 

To sum up, the poor concordance and large 
differences within and between observers for some of 
the variables indicate the need for a more objective 
approach to the evaluation of angiographic changes 
in arrhythmogenic right ventricular dysplasia. Fur- 
ther work must be done to achieve quantitative 
standards for angiography. The irregular shape of 
the right ventricular chamber, however, makes cal- 
culations of volumes difficult and relies on geometric 
assumptions,” particularly in patients with arrhyth- 
mogenic right ventricular dysplasia, who have 
regional wall motion abnormalities. 


This study was supported by grants from the 
Medical Society of Gothenburg and The Swedish 
National Association Against Heart and Chest Dis- 
ease. 
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Accelerated idioventricular rhythm of infundibular 
origin in patients with a concealed form of 
arrhythmogenic right ventricular dysplasia 
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GIAN FRANCO BUJA, BRUNO CANCIANI, GIUSEPPE MIRAGLIA, 
ROLDANO SCOGNAMIGLIO, GIOVANNI MARIA BOFFA, LUCIANO DALIENTO 


From the Departments of Cardiology and * Pathology, Umversity of Padua, Italy 


SUMMARY Five apparently healthy people (aged 16—47) presented with recurrent episodes of 
accelerated idioventricular rhythm characterised by left bundle branch block and right axis 
deviation. Clinical history, physical findings, basic electrocardiogram, chest x ray, and blood tests 
were within normal limits in all. Holter monitoring, exercise stress test, and electrophysiological 
study (in three patients) showed that accelerated idioventricular rhythm was mainly bradycardia 
dependent, easily suppressed by effort and overdrive pacing, and originated from the outflow tract 
of the right ventricle. The mechanism could be enhanced automaticity. Data from cross sectional 
echocardiography (in all patients) and from haemodynamic evaluation (in three) identified 
structural or wall motion abnormalities of the right ventricle or both without appreciable dilatation 
of the ventricle. Biopsy specimens of the right ventricular endomyocardium showed fibrosis in one 
patient, fibrosis and fatty infiltration in the second, and pronounced fatty infiltration in the third. 
'These results show that some patients with accelerated idioventricular rhythm have right 
ventricular abnormalities that are typical of the localised and concealed forms of arrhythmogenic 


right ventricular dysplasia. 


Intermittent ectopic idioventricular rhythms at rates 
of between 40 and 120 beats per minute have been 
, described as accelerated idioventricular rhythms.’ ? 
Accelerated idioventricular rhythm 1s common in 
patients with acute myocardial infarction." Other 
conditions causing this arrhythmia include myocar- 
ditis, digitalis 1ntoxication, and congenital atrioven- 
tricular block.!?5? The configuration of the QRS 
complex during accelerated idioventricular rhythm 
may be that of either a right bundle branch block or 
(more often) a left bundle branch block.'? Enhanced 
automaticity’ or parasystole® have been suggested as 
possible mechanisms for the arrhythmia, In young 
people accelerated idioventricular rhythm is rare, 
and to date there is no correlation established with 
any well known cardiac pathology.'?*° 
We report five apparently healthy people present- 
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ing with accelerated idioventricular rhythm charac- 
terised by left bundle branch block and right axis 
deviation ın whom we found right ventricular 
abnormalities. 


Patients and methods 


Five patients (four men and one woman; mean age 26 
(range 16—47)) were examined because they had 
accelerated idioventricular rhythm characterised by 
left bundle branch block and right axis deviation. 
None was taking any drug. All were assessed by 
clinical history, chest x ray, blood tests, 24 hour 
continuous electrocardiographic (Holter) monitor- 
ing, and symptom limited exercise stress testing (on a 
bicycle ergometer with standard protocols) We 
performed vectorcardiography on all five patients 
during the arrhythmia (in the supine position), with a 
Fukuda VA-3G instrument, using the Frank Lead 
system and dash time interval of 2 ms. Three patients 
were examined in an electrophysiological and 
haemodynamuic- angiographic study and by right 
ventricular endomyocardial biopsy. 
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no 


Accelerated idioventricular rhythm 


Cross sectional echocardiographic images were 
recorded in all patients on a Hewlett-Packard system 
and with a 2 5 or 3:5 MHz transducer. Images were 
obtained in multiple standard views: parasternal, 
long and short axis; apical, four and two chamber (left 
and night); and subcostal, four chamber and short 
axis. Subjects were imaged in either the supine or left 
lateral recumbent position. The images were 
examined by two observers for regional wall motion 
or structural abnormalities of the right and left 
ventricles or both.” The right ventricular volume 
(corrected by the regression equation, according to 
age and body surface area) was calculated by an area- 
length method derived from orthogonal planes 
(apical four chamber and long axis views). A modified 
Simpson’s rule was used to calculate left ventricular 
volumes from the parasternal short axis and apical 
two chamber views. The ejection fracnon of both 
ventricles was derived as: EF = EDV — ESV/EDV, 
where EF is the eyection fraction and EDV and ESV 
are end diastolic and end systolic volumes respec- 
tively. Infundibular diameter was determined from 
the parasternal short axis view of the aortic root. The 
nght ventricular outflow tract was measured from 
this view as the maximum dimension between the 
anterior aortic wall and the endocardium of the free 
wall of the right ventricle.” 

À baemodynamic-angiographic examination and 
right ventricular endomyocardial biopsy were per- 
formed in the three patients who agreed to the 
procedure. Haemodynamic study included left and 
right ventricular angiography, coronary arterio- 
graphy, and the recording of pressures in various 
cavities. Angiocardiograms of the right ventricle 
were obtained ın posteroanterior, lateral, and long 
axis (oblique right and left anterior) projections, for 
better definition of the infundibulum and pos- 
terobasal wall. The angiocardiograms of the left 


565 


ventricle were performed in the 30? left anterior 
oblique and right anterior oblique projections. We 
calculated right ventricular volumes from biplane 
angiocardiography, using anteroposterior and lateral 
views (area-length method).!*'* and left ventricular 
volumes from monoplane cineangiography using 30? 
right anterior oblique view. The measured volumes 
were corrected with a regression equation according 
to age and body surface. The motion of the nght 
ventricular wall was analysed on the anterior and 
posterior silhouettes of the infundibulum and on the 
posterobasal and apical regions. Finally, the 
trabecular framework was careful examined. 
Biopsy specimens of the right ventricular 
endomyocardium were obtained via the right femoral 
vein by a standard technique." ? Six biopsy 
specimens (1-3 mm each), taken from the inter- 
ventricular septum in each patient, were fixed in 
formalin, mounted in paraffin wax, and stained with 
haernatoxylin-eosin and azan- Mallory. 

Patients 1, 2, and 3 were also studied electro- 
physiologically; real time records were obtained with 
an ink jet recorder (Siemens-Elema, Mingograph) 
with a filter setting of 50-70 Hz for the intracavitary 
electrocardiograms, at a paper speed of 100 mm/s. 
Basic conduction (PA, AH, HV) intervals were 
measured. The right ventricular endocardium was 
accurately mapped to localise the origin and the 
successive spread of the accelerated idioventricular 
rhythm, and to detect late fractionated potentials of 
QRS. Stimulation was performed with a custom- 
designed, multiprogrammable stimulator (PPS 500, 
Medico Italy) with a constant current source and 
rectangular impulse of 1 ms duration delivered at 
twice diastolic threshold. 

The following protocol was then used to 
precipitate ventricular arrhythmias, to evaluate the 
entire conduction system, and to reproduce the 








Table 1 Chmcal data and results of chest x ray, electrocardiogram, and exercise stress test in the five patients 
Case 1 Case 2 Case 3 Case 4 Case 5 
Age 47 16 21 35 16 
Sex E M M M M 
Follow up (years) 10 2 5 2 2 
Symptoms PS P P P P 
CT index 045 053 050 0 48 045 
saree T waves" V1, V2, V3 — Vi Vi — 
R 
RR interval 1040 640 840 1000 1000 
aQRS +110 +110 +110 +110 +110 
QRS configuration LBBB LBBB LBBB LBBB LBBB 
QRS configuranon in V] qrS rS rS rS rS 
Exercise test 
Maximal HR 160 170 190 160 180 
Double product (HR x BP) 25600 23800 32800 27200 28100 
Suppression of AIR at rate: 75 98 102 90 70 





AIR, accelerated idioventricular rhythm, BP, blood pressure; CT, cardiothoracic ratio, HR, heart rate, LBBB, left bundle branch block; 


P, palpitanon, S, syncope. 
*On basic electrocardiogram 
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electrocardiographic configuration of the clinical 
accelerated idioventricular rhythm. 

(a) Atrial and ventricular pacing at progressively 
shorter cycles; 

(b) premature atrial and ventricular stimulation dur- 
ing sinus rhythm (the entire cycle was scanned to the 
point of atrial and of ventricular refractoriness); 

(c) Premature atrial and ventricular pacing ($2) 
during atrial and ventricular pacing with a drive cycle 
length (S1-S1) of 500 and 700 ms; 

(d) Double ventricular stimuli (S2-S3) at progres- 
sively shorter coupling intervals, during ventricular 
pacing. S1-S2 was set 50 ms greater than the 
ventricular refractory period at a given cycle length. 
(e) Pacing of different sites of the right ventricle 
(inflow, apex, septum, outflow) was used in an 
attempt to reproduce the electrocardiographic con- 
figuration of the patient's arrhythmia. 


Results 


Clinical, haematological, and radiological data. All 
patients had palpitation and in one there was syncope 
(of doubtful origin) (case 1). Mean follow up, after 
the detection of the arrhythmia was 4-2 (range 2-10) 
years. Only patient 1 was treated (successfully) with 
antiarrhythmic drugs (disopyramide 800 mg/day). 
Haematological data were all normal. Chest x rays 
showed a cardiothoracic index < 0-53 in all. 
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BASIC ELECTROCARDIOGRAM, 
VECTORCARDIOGRAM, EXERCISE STRESS TEST, 
AND HOLTER MONITORING DATA (TABLE 1) 

All patients had normal atrioventricular and 
intraventricular conduction. We found inverted T 
waves in V1-V3 in case 1 and in VI in cases 3 and 4. 
No late potentials were detectable on the surface 
electrocardiogram. Accelerated — idioventricular 
rhythm had a left bundle branch block configuration 
and a QRS axis of approximately + 110° in all 
patients. In V1 four patients had an rS pattern and 
one (case 1) a qrS pattern (fig 1). The diagrammatic 
representation of the vector loops were inscribed in a 
clockwise direction in the frontal plane; in the 
horizontal plane the initial forces had a clockwise 
direction, and were followed by counterclockwise 
rotation; the spatial loop was directed inferiorly and 
posteriorly. The initial QRS showed considerable 
slurring in all, and in four (except case 1) this 
complex was directed anteriorly (fig 2). The 
accelerated idioventricular rhythm was iterative in 
four and almost incessant in one (case 2). The cycle 
length of the accelerated idioventricular rhythm in 
the five patients varied from 1040 to 640 ms. In two 
patients the cycle length varied by 50-200 ms in 
different episodes. The duration of the coupling 
interval with the preceding sinus beat ranged from 
560 to 1480 ms; there were minor variations in the 
individual patients (40-80 ms) in successive 
episodes. 








Case 


Case 





Figl Twelve lead electrocardiograms from patients 1, 2, and 3 during accelerated idioventricular rhythm. 
There is left bundle branch block and right axis deviation shown in all. Patients 1 and 3 have an rS pattern in 


V1 indicating the posterior origin of the arrhythmia. 


Accelerated idioventricular rhythm 





Fig2 Right ventricular endocavitary mapping (a, b) and vectorcardiogram (c) of patient 2. (a) Right ventricular 
activation pattern during accelerated idioventricular rhythm constructed from data are derived from the endocavitary 
electrocardiographic recordings (b) obtained during the accelerated idioventricular rhythm. Activation began posteriorly in the 
outflow tract of the right ventricle. The vector loops (c) ( F, frontal, H, horizontal, LS, left sagittal} correlated well with the 


electrophystological findings. 


In all patients the accelerated idioventricular 
rhythm was suppressed when the sinus pacemaker 
accelerated. During the exercise stress test the arr- 
hythmia progressively disappeared in all at a mean 
sinus frequency of 85 beats per minute. All patients 
had a normal effort tolerance and none developed 


: major arrhythmias or ST segment alterations. 


CROSS SECTIONAL ECHOCARDIOGRAPHY 

Cross sectional echocardiography showed right ven- 
tricular dilatation in three out of five patients (cases 2, 
3, and 4) with a reduced ejection fraction in case 2. 
The right ventricular outflow tract was dilated in 
cases 2, 3, and 4. Abnormal regional wall motion or 
structural alterations or both were detectable in all 
(see table 2 and fig 3). The left ventricle and the four 
valves were normal in all. 


ELECTROPHYSICLOGICAL DATA 

In three patients (case 1, 2, 3) basic conduction 
intervals and refractory periods were normal; no late 
potentials were detectable in the right ventricle. 
Accelerated idioventricular rhythm was easily sup- 


pressed by atrial and ventricular overdrive pacing. 
Right ventricular mapping and pacing located the 
origin of accelerated idioventricular rhythm in the 
outflow tract, posterior ventricle in patients 2 and 3 
(fig 2), and anterior ventricle in patient 1. Accelerated 
idioventricular rhythm or other arrhythmias could 
not be induced by the above techniques or extra- 
stimuli. 


HAEMODYNAMIC DATA 

The right ventricle was enlarged in two (cases 2 and 
3) of the three patients examined (end diastolic 
volume = 149 and 122 mi/m’ respectively) with an 
ejection fraction of 44 and 52%, respectively (fig 4). 
The right ventricular outflow tract was enlarged and 
the trabecular framework was abnormal in both; 
there was bulging of the inferior wall in patient 2 and 
of the lateral wall in patient 3. Both patients also had 
abnormal regional wall motion (table 2). The third 
patient (case 1) had an end diastolic volume and 
ejection fraction of 70 ml/m? and 55%, respectively; 
there was apical hypokinesia, slightly abnormal 
trabeculae, and bulging of the superoanterior right 
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Table2 Right ventricular angiographic, cross sectional echocardiographic, and histological data 

Case 1 Case 2 Case 3 Case 4 Case 5 
Angiography 
RV EDV (ml/m) 70 149 122 
RV EF 55% 44°, 52*« 
RV structural e(mild c e 
Abnormalities RVOT = d RVIT =d LW =d 
RV RWMA RVIT =a RVIT = a,b A:b 
RV biopsy Fatty Mild Fibrosis and 

infiltration fibrosis fatty infiltration 
Cross sectional echocardiography : 
RV EDV (ml/m? 68 135 115 89 66 
RV EF 60" 48", 55% 61° 63 
RVOT diameter 

(normal < 2:5 cm 2 31 2:8 36 2:1 

RV structural e(mild e e — f 
Abnormalities RVOT d RVIT =d LW =d 
RV RWMA RVIT =a RVIT = a,b A =a b RVIT = d A=a 





RV, right ventricular; RV EDV, right ventricular end diastolic volume (normal value = 81 (12:3) ml/m?); RV EF, ejection fraction 
(normal value 51 (8); RV RWMA, right ventricular regional wall motion abnormalities. Right ventricle was divided into four regions: A, 


apex; LW, lateral wall; RVOT, right ventricular outflow tract; RVIT, right ventricular inflow tract 


List of RV RWMA and RV structural abnormalities 


a) hypokinesia; (b) akinesia; (c) systolic dyskinesia; (d) diastolic bulging; 


(e) derangement of the trabecular framework and papillary muscles; (f) altered echogenicity and nodulation of the moderator band. 


ventricular wall. The left ventricle and coronary 
arteries were normal in all. 


ENDOMYOCARDIAL BIOPSY OF THE RIGHT 
VENTRICLE 

There was pronounced fatty infiltration with 
myocardial atrophy in patient 1 (fig 5), mild fibrosis 
in patient 2, and fibrosis with mild fatty infiltration in 
patient 3. 


Discussion 


Accelerated idioventricular rhythm occurs in 12- 
30", of patients with acute inferior myocardial 
infarction. It is often seen in the first 12 hours, occurs 





Fig3 The electrocardiogram of patient 3 during an 
initiating episode of accelerated idioventricular rhythm. An 
apical four chamber cross sectional echocardiographic view of 
the same patient showing sacculation of the lateral wall of the 
right ventricle and apical akinesia ( see arrows). 


intermittently for a few hours thereafter, and usually 
resolves after 24 hours.’ *^ 

The arrhythmia has also been found in other heart 
discases,''"' but has been rare when there is no 
definite cardiac abnormality. We know of few 





Fig4 
of a right ventricular angiogram ( patient 2). The right 
ventricular chamber is slightly dilated (volume 149 mlimr, 
ejection fraction 44%, ) and there is fissuring of the 
anterolaterai wall. 


End diastolic, right anterior oblique (long axis) view 


Accelerated idioventricular rhythm 
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Fig 5 


previously reported idiopathic cases in young healthy 
people.'*** There is little published information on 
basic electrocardiography and the QRS configura- 
tion in accelerated idioventricular rhythm. Also 
echocardiographic and angiographic study is limited 
and the right ventricle, in particular, has not been 
fully studied in these patients. 

All our patients showed a QRS configuration 
consistent with left bundle branch block and right 
axis deviation. The accelerated idioventricular 
rhythm seemed to be bradycardia dependent; it 
began as an escape rhythm, with different coupling 
intervals, and it always ended spontaneously after 
overdrive suppression by sinus rhythm. The RR 
intervals were uniform during each episode but 
accelerate or slow in subsequent episodes, suggesting 
a sympathetic or parasympathetic influence on the 
ectopic focus. Accelerated idioventricular rhythm 
always disappeared during effort when a critical rate 
(usually 75-102/min) was reached. The rhythm was 
not inducible nor was it accelerated by electro- 
physiological techniques. All the above patterns were 
typical of an ectopic automatic rhythm without 
parasystole and reentry. 


Standard electrocardiography, ^ vectorcardio- 


(a) Endomyocardial biopsy specimens of the right ventricular septum (patient 1 ). Tissue in three of the six was 
almost entirely adipose. Haematoxylin-eosin, original magnification * 10. (b) The myocardium was slightly sclerotic and 
infiltrated by adipocytes. Haematoxylin-eosin, original magnification * 48. 


graphy, and endocardial mapping during the electro- 
physiological study showed that the accelerated 
idioventricular rhythm originated in the right ven- 
tricular outflow tract (figs 1 and 2). In all our patients 
data from the cross sectional echocardiography and 
haemodynamic-angiographic studies excluded 
valvar, left ventricular, and coronary heart diseases 
and showed structural or wall motion abnormalities 
of the right ventricle or both. Endomyocardial biopsy 
specimens showed fibrosis and/or fatty infiltration 
particularly in case 1 (fig 5). 

These alterations may be associated with minor 
concealed forms of arrhythmogenic right ventricular 
dysplasia.” ™ This disease has many forms—from a 
generalised involvement of the entire ventricle ^ 
with global dilatation, altered haemodynamic func 
tion, and reduced ejection fraction, to mild focal 
lesions characterised by an almost normal clinical 
picture and normal features on invasive and non 
invasive investigation, ">=! Only a careful 
examination of the right ventricle, with endomyocar- 
dial biopsy in selected cases, can detect structural 
and/or regional wall motion abnormalities, which 
might represent a forme fruste of the condition 

Right ventricular dysplasia should always be 
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suspected in patients with ventricular arrhythmia 
(sustained and transient ventricular tachycardia, 
couplets, isolated premature ventricular complexes) 
when left bundle branch block and right axis devia- 
tion suggest an abnormal right ventricular outflow 
tract 2777?» 9 We believe that in other reported cases 
of "idiopathic" ventricular arrhythmias the ven- 
tricular outflow tract could have been responsible for 
the arrhythmia, especially "concealed" forms, but 
unfortunately the right ventricle was rarely examined 
in detail, ^" because the left ventricle and coronary 
arteries received the most attention. 

Our report suggests that accelerated idioven- 
tricular rhythm, in our cases caused by enhanced 
automaticity, could be an arrhythmia associated with 
concealed forms of arrhythmogenic right ventricular 
dysplasia, when the QRS indicates a right ventricular 
infundibular origin. 

Follow up of our patients has confirmed that this 
type of automatic ventricular arrhythmia is benign 
and does not usually need to be treated. But because 
we found an abnormality in the right ventricle such 
patients should continue to be monitored. 


This study was supported by the target project on 
Juvenile Sudden Death, Regione Veneto, Italy. 

We thank Professor A ] Camm, St George's 
Hospital, London for reviewing our typescript. 
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Delayed improvement in exercise capacity after 
cardioversion of atrial fibrillation to sinus rhythm 


DPLIPKIN, MFRENNEAUX, R STEWART, JJOSHI, T LOWE, WJ McKENNA 
From the Cardiovascular Unit, Royal Postgraduate Medical School, Hammersmith Hospital, London 


SUMMARY In some patients symptoms improve after the restoration of sinus rhythm from atrial 
fibrillation. To assess the size and mechanism of such change, exercise capacity and pulsed Doppler 
left ventricular inflow velocities were assessed in 20 patients with established atrial fibrillation. 
Treadmill exercise capacity was assessed by measuring maximal oxygen consumption and 
anaerobic threshold before and on day 1 and 28 days after elective DC cardioversion. The relative 
contribution of atrial contraction to left ventricular filling was determined by relating the 
maximum height of the A wave to the maximum height of the E wave (A/E) of the Doppler velocity 
time curve. Cardioversion was successful in 14 patients. Maximal oxygen consumption and 
anaerobic threshold were unchanged on day ! and increased by day 28 in all 14 patients. The 
percentage improvement was inversely related to the baseline values; however, the absolute 
improvement was small in all patients. The mean A/E ratio increased significantly from day I to day 
28 in all 14 patients. 

Thus the restoration of sinus rhythm was associated with a delayed improvement in exercise 
capacity that may in part be due to a slow improvement in atrial contractility and peak cardiac 


output after cardioversion. 


Direct current cardioversion of atrial fibrillation is 
often performed to improve cardiac output and 
exercise capacity by regularising the heart beat and 
restoring the atrial systolic contribution to ven- 
tricular filling. The magnitude and time course of 
this improvement are controversial and the relative 
contribution of atrial systole to stroke volume is still 
uncertain."* The purpose of the present study was to 
assess the mechanism and size of the increase in 
exercise capacity after cardioversion of atrial fibrilla- 
tion to sinus rhythm. 


Patients and methods 


We studied 20 patients (18 men and 2 women; mean 
(SD) age 58(8) years). Atrial fibrillation had been 
present for 6-14 weeks and was associated with 
previous aortic or mitral valve surgery in five patients 
(performed 6-12 (mean 8) months before entry to the 
study), dilated cardiomyopathy in four patients, 
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coronary artery disease in seven patients, hypertro- 
phic cardiomyopathy in two patients, and hyperten- 
sion 1n one patient. Fibrillation was idiopathic in the 
remaining patient. The exercise tolerance of the 
patients was limited only by dyspnoea or fatigue. 
Patients were excluded if they had had a myocardial 
infarction. during the previous six months, had 
evidence of myocardial ischaemia or ventricular 
tachycardia on exercise testing, or had chronic lung 
disease. There were four patients in New York Heart 
Association class I, 12 patients in class II, and four in 
class III. Resting left ventricular fractional shorten- 
ing was assessed by M mode echocardiography 
recorded at the mitral valve leaflet tips (with cross 
sectional echocardiographic control) 24 hours and 28 
days after cardioversion. In those patients in whom 
cardioversion failed left ventricular fractional shor- 
tening was assessed as the mean of 10 consecutive 
cardiac cycles. All echocardiographic and Doppler 
studies were performed by one observer. The 
reproducibihty for left ventricular dimensions in our 
laboratory is within 5% of the previous value. 

All patients were in controlled atrial fibrillation 
with a resting heart rate less than 70 beats/minute. 
Drug treatment which was stable for at least a month 
before entry to the study included digoxin (all 
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patients (median dose 0:25 mg/day), amiodarone (all 
patients (median dose 200 mg/day), frusemide (10 
patients (mean dose 55 mg/day, range 40-80 mg/ 
day)), amiloride (eight patients (mean dose 8 mg/day, 
range 5-10 mg/day)), bendroflurazide (three patients 
(dose of 5 mg/day)), and captopril (one patient (dose 
12:5 mg three times a day). All patients were 
anticoagulated with warfarin for at least four weeks 
before cardioversion. Anaesthesia for DC cardiover- 
sion was induced with intravenous methohexitone 
(dose 1-2 mg/kg) injected over 30 seconds. Progres- 
sively increasing DC shocks of 100 J, 200 J, and 320] 
were used until the highest energy was reached or 
cardioversion was achieved. 

Patients were exercised three hours after a light 
meal and at the same time of day, according to the 
Bruce protocol for those in New York Heart Associa- 
tion class I or II or a modified Naughton protocol 
with stages lasting 3 minutes for those im class III. 
The exercise protocol was not changed during the 
study. Patients were encouraged to exercise until 
they felt unable to continue; the test was stopped at 
the patient's request. Treadmill exercise capacity 
was assessed by measuring maximal oxygen 
consumption and anaerobic threshold with mass 
spectrometric analysis of mixed expired air before 
and on day | (24 hours) and day 28 after elective DC 
cardioversion.’ Patients repeated practice exercise 
tests before entry to the study until maximal oxygen 
consumption differed by less than 5% on two con- 
secutive exercise tests. In the last 12 consecutive 
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patients left ventricular inflow velocities were 
measured by pulsed Doppler during quiet respira- 
tion to evaluate the relative contribution of atrial 
contraction to left ventricular filling. A Doppler 
probe was placed at the cardiac apex with patients in 
the left lateral position and measurements were 
recorded during quiet respiration. The Doppler 
sample was placed in the region of the mitral leaflet 
tips, and the positioning of the sample was guided by 
cross sectional echocardiography. The sampling 
position was adjusted to obtain the peak inflow 
velocities by a combination of the spectral display 
and Doppler audio signal. The heights of the passive 
filling wave (E wave) and the atrial wave (A wave) 
were measured over 10 consecutive cycles to avoid 
sampling errors caused by minor beat to beat varia- 
tions, and the mean values for the height of the A 
wave, E wave, and the A/E ratio were calculated’ (fig 
1). The reproducibility of Doppler inflow recording 
was determined in five normal subjects on two 
successive days by two observers. All drug treatment 
was unaltered for the duration of the study. 

Results are quoted as mean (SE). Changes in 
exercise capacity, heart rate, and Doppler 
measurements after cardioversion were analysed by 
the Wilcoxon matched paired rank sum test. A p 
value <0-05 was considered to be significant. 


Results 


Sinus rhythm was restored in 14 of 20 patients by 1-3 





after cardioversion 


after cardioversion 


Fig] Peak left ventricular inflow velocities across the mitral valve in one patient on 
day 1 and day 28 after DC cardioversion. The relative contribution of atrial 
contraction to left ventricular filling was determined by relating the mean height of the 
A wave to the mean height of the E wave of the velocity time curve during 10 


consecutive cardiac cycles 
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Table 1 Changes in symptom limited maximum oxygen consumption, oxygen consumption at the anaerobic threshold, and 
heart rate before and day 1 and 28 after successful (patients 1-14) and unsuccessful (patients 15-20) DC cardioversion of 


atrial fibrillation to snus rhythm 
Vo max Anaerobic threshold Peak exercise heart 
( mi] kg [rin ) ( mljkg| emn) rate (beats| min) 
Case Day Day Day 
No 0 1 28 0 1 28 0 1 
1 AVR 24 24 27 17 17 19 150 140 
2 AVR 16 16 22 13 14 20 120 115 
3 MVR 16 15 23 13 13 17 170 140 
4 MVR 31 30 35 25 24 30 180 155 
5 IDC 23 23 24 19 19 19 190 150 
6 IDC 11 12 13 11 Il 12 160 105 
7 IDIO 40 40 43 18 19 22 214 160 
8 H/T 15 15 17 14 14 15 129 101 
9 HCM 15 16 18 NR NR: NR 180 113 
10 IDC 19 18 22 17 17 20 170 130 
11 CAD 21 22 24 17 18 22 150 140 
12 CAD 24 25 29 19 19 23 180 166 
13 CAD 37 38 38 25 25 25 195 150 
14 CAD 24 25 28 18 18 19 164 129 
Mean (SE) 23(2) 23(2) 26(2)* — Y") 18(1) 20(1)t 168(7) 135(6)t 
15 MVR 31 30 33 20 19 20 180 184 
16 Ipc 22 23 21 13 14 13 150 155 
17 HCM 21 — 18 20 NS 17 120 — 
18 CAD 25 26 25 19 19 19 130 136 
19 CAD 21 22 19 18 19 17 157 153 
20 CAD 19 19 18 15 13 17 153 147 
Ma (SÐ) 232) 24(2) 22(3) 18(1) 170) 17(1) 125(24) 
1448 


132 
1376 


145 
125 
135 
144 
160 
155(8) 





Vo, max, maximal oxygen consumption; AVR, after aortic valve replacement, MVR, after mitral valve replacement, IDC, idiopathic 


dilated ed candianyopathy; TE IDIO, idiopattuc; H/T, ; hypertension; HCM, hypertrophic cardiomyopathy, CAD, coronary artery disease; NR. 


not reached 

*p « 0 002 (compared with day 0 or 1), 
Ip « Q063 (compared wih day O er day 1} 

p < 0-001 (compared with day 0). 

(mean 1:2) DC shocks at a mean energy requirement 
of 130 J. Functional class as assessed by the New 
York Heart Association did not alter during the 
study. 

Maximal oxygen consumption and anaerobic thre- 
shold were unchanged at day 1 and rose significantly 
by 163%) and 18(14%) respectively on day 28 
(p « 0-002, « p 0-003 respectively) (table 1, figs 2 
and 3). The absolute improvement in maximal 
oxygen consumption on day 28 was not related to left 
ventricular fractional shortening or to the exercise 
capacity (maximal oxygen consumption) before car- 
dioversion. The percentage improvement in maximal 
oxygen consumption, however, correlated inversely 
with the value before cardioversion (r = -— 0-57, 
p < 0-01) (fig 4). Resting heart rates before car- 
dioversion and on day 1 and 28 after cardioversion 
were 62(2), 69(2), and 70(3) beats/min. Peak exercise 
heart rate fell by day 1 (p < 0-001) but there was no 
significant difference between rates on days 1 and 28 
after cardioversion (table 1). 

In six patients cardioversion was unsuccessful. 
Maximal oxygen consumption and anaerobic 
threshold in these patients did not significantly alter 
during the study (table 1). 

Mean left atrial size for all patients on entry to the 
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Fig2 Change in symptom limited maximal oxygen 
consumption ( Vo, max) before and on day 1 and 28 after 
DC cardioversion of atrial fibrillation to sinus rhythm. 


“ 


Le 


Delayed improvement in exercise capacity after cardioversion 


30 


25 e. 


Yo, (ml/kg/min) 15 





e—a 
10 
5 Ud biaa) 
NS p<0003 
0 
0 1 28 
Day 


Fig3 Change in oxygen consumption ( VO,) at the 
anaerobic threshold before and on day 1 and 28 after DC 
cardioversion of atrial fibrillation to sinus rhythm. 


study was 4:3 (0-5) cm. The interobserver and 
intraobserver variability in normal subjects for the 
measurements of the height of the A and E wave and 
their ratio was 2-21% (mean 13%), 2-36%, (mean 
15%), and 4-35% (mean 17%) respectively. Table 2 
shows the Doppler results. During the Doppler 
studies the mean heart rates were similar on day 1 and 
day 28. In four patients no discernible A wave was 
seen on visual inspection of the Doppler tracing on 
day 1. Because velocities less than 12-5 cm/s could 
not be measured accurately the height of the A wave 
in these patients was assumed to be 12 5 cm/s. The 
mean A/E ratio was 0-32 (range 0:15—0 60) on day 1 
and increased significantly in all patients to 0-80 
(range 0-27-1-44) by day 28 (p < 0-003) (fig 5). The 
increase in the A/E ratio resulted solely from an 
increase in the size of the atrial wave (table 2). Left 
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Fig4 Percentage improvement in symptom limited maximal 
oxygen consumption (VO, max) related to maximal oxygen 
consumption before cardioversion (day 0). 


ventricular fractional shortening was simular in 
patients who underwent successful and unsuccessful 
cardioversion (23(7)% and 27(2)% respectively). 
There was no significant change in left ventricular 
fractional shortening between day 1 and 28 in 
patients in whom cardioversion was successful 
(23(5)% vs 22(5)% respectively). 


Discussion 


Several haemodynamic studies have demonstrated 
an increase in cardiac output) "" but to our 
knowledge this is the first study to measure the size of 
the increase in exercise capacity after conversion of 
atrial fibrillation to sinus rhythm. Assessment of 
changes in respiratory gas exchange on exercise 
enabled us objectively to assess exercise capacity.’ 
The results show that symptom limited maximum 
oxygen consumption and anaerobic threshold do not 
rise 24 hours after DC cardioversion, but a mean 


Table 2 Measurement of the height of the A wave, E wave, and AJE ratio on day 1 and 28 after successful DC cardioversion 
of atrial fibrillation to sinus rhythm. Doppler recordings were made at similar RR intervals on day 1 and 28 


A wave ( cm[s) 


Case 

No Day 1 Day 28 Day 1 Day 28 
3 125 334 390 359 

4 350 930 116-0 1250 

5 36 2 720 112-5 620 

6 125 300 543 725 

7 187 437 475 63 7 

8 125 234 735 687 

9 360 900 97:3 625 

10 194 820 590 57-0 

11 270 764 TH 840 

12 12:5 232 83-3 86 0 

13 312 369 512 52:0 
14 160 251 444 502 
Mean (SE) 22-5(2 9) 52:48 0) 71 X77) 68 2(6 5) 
P «0 003 NS 


ECG RR interval AJE ratio 
Day 1 Day 28 Day 1 Day 28 
850 890 032 093 
870 800 030 075 
850 890 0 32 116 
1040 1000 023 041 
1100 1320 0 39 0 68 
1080 1340 017 0 34 
T30 660 037 144 
TIO 770 033 144 
1070 1210 0-35 091 
920 940 0:15 027 
840 800 060 071 
860 890 036 050 
915(36) 959(63) 0 32(0 03) 0 80(0 12) 
NS «0 003 
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Fig5 Change of A/E ratio from day 1 to day 28 after DC 
cardioversion (10 patients) 


increase of 16% and 18% respectively is seen 28 days 
later. The nature of the study prevented a placebo 
blind trial. It is unlikely that greater encouragement 
by the observing doctor during the exercise tests 
performed after cardioversion, or increased patient 
familiarity with treadmill exercise, were responsible 
for the improvement. This is because we took care to 
ensure that all patients had practised on the treadmill 
and that their maximal oxygen consumption did not 
differ by > 5% on two successive tests before entry to 
the study. The exercise tests before and after car- 
dioversion were performed in most instances by 
different doctors who were unaware of the previous 
exercise data. Changes in maximal oxygen consump- 
tion were associated with a corresponding change in 
anaerobic threshold, suggesting a true change in 
exercise capacity rather than an alteration in patient 
motivation.’ Also the maximal oxygen consumption 
and anaerobic threshold were unchanged at day 28 in 
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those patients in whom cardioversion failed. 

Failure to demonstrate an improvement in exercise 
capacity one day after DC cardioversion could have 
been influenced by the after effects of general anaes- . 
thesia and of the DC shock itself. Though these 
possibilities cannot be excluded they are unlikely to 
explain the observed results. Firstly, anaesthesia 
lasted for less than 20 minutes and the first exercise 
test was performed at least 24 hours after cardiover- 
sion. Secondly, important cardiac damage, as detec- 
ted by a rise in the cardiac isoenzyme of creatine 
kinase, did not occur with repeated elective DC 
shocks." Thirdly, there was no difference in left 
ventricular fractional shortening between day 1 and 
28 in the patients who underwent successful DC 
cardioversion in the present study. Finally, maximal 
oxygen consumption did not increase between day 1 
and 28 in the patients in whom sinus rhythm was not 
restored by cardioversion. 

The mechanism of the delayed improvement in 
exercise capacity is of interest. The reported effects 
of cardioversion of atrial fibrillation to sinus rhythm 
on haemodynamic function are inconsistent. ? ? 
This may be because of variation in the timing and 
method of assessment of atrial function after car- 
dioversion, ^15 

We have looked in a novel way at the contribution 
of atrial contraction to left ventricular filling by 
relating the height of the A wave to the height of the E 
wave in the Doppler velocity time curve of flow 
across the mitral valve. The height of the A wave in 
the Doppler tracing is dependent on the pressure 
gradient across the mitral valve at end diastole. 
Because a major change in left ventricular com- 
pliance in individual patients during the study is 
unlikely, the height of the A wave may be taken to 
relate to the force of atrial contraction. The A wave 
was absent or small immediately after cardioversion 
and increased significantly at one month. In the 
present study peak exercise heart rates at day 1 and 28 
were similar, suggesting that the improvement in 
exercise capacity was the result of an improvement in 
stroke volume that followed an increased atrial 
contribution to left ventricular filling. 

There is an alternative explanation for the late 
improvement in exercise capacity after cardio- 
version. Cardiac output improves immediately after 
cardioversion because of the regularisation of 
rhythm that permits improved ventricular filling, 
but there is delayed improvement in factors which 
limit blood flow to the skeletal muscle. It is now 
firmly established that inotropic or vasodilator 
treatment in chronic heart failure improves cardiac 
output immediately, but without a corresponding 
improvement in exercise capacity." The improve- 
ment in exercise capacity that is seen with long term 
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treatment with angiotension converting enzyme 
inhibitors is limited to those patients in whom 
skeletal muscle blood flow increases." ? 

Conversion of atrial fibrillation to sinus rhythm 
was associated with a small (less than 1 metabolic 
equivalent) delayed improvement in  exericse 
capacity. The greatest effect was seen in those 
patients with more severe exercise limitation. Slow 
return of atrial contractility and inhibition of factors 
limiting skeletal muscle blood flow may be responsi- 
ble for the late benefit. 
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Wolff-Parkinson-White syndrome: atrial fibrillation 
as the presenting arrhythmia 


KILLIAN ROBINSON,* EDWARD ROWLAND,* DENNIS M KRIKLER 
From the Division of Cardiovascular Disease, Royal Postgraduate Medical School, Hammersmith Hospital, 


London 


SUMMARY Atrial fibrillation was identified as the initial arrhythmia complicating the Wolff- 
Parkinson-White syndrome in ten-(995) of 108 patients. Despite initially rapid ventricular 
responses in seven, long term survival and control of arrhythmia were excellent on medical 
treatment. Whereas symptom free patients with the pre-excitation syndrome who have additional 
underlying disease predisposing to atrial fibrillation may need detailed electrophysiological study, 
a more conservativeapproach is suitable for the typical symptom free individual. 


Atrial fibrillation is a potentially serious complication 
of the Wolff-Parkinson-White syndrome and may 
degenerate into ventricular fibrillation.'? When 
spontaneous atrial fibrillation occurs reentrant 
atrioventricular tachycardia has usually already been 
confirmed or there is a history of palpitation.*‘ 

We studied ten patiénts in whom atrial fibrillation 
was the first arrhythmia to develop. We report their 
clinical presentation, electrophysiological character- 
istics, and long term follow up. 


Patients and methods 


Between 1976 and 1984 electrophysiological inves- 
tigation of 108 patients with the Wolff-Parkinson- 
White syndrome was undertaken. Ten patients were 
identified in whom the first episode of palpitation was 
shown to have been atrial fibrillation or flutter. In 
each case it was established that there had been no 
history of palpitation, dizziness, syncope, or other 
symptoms suggesting arrhythmia. No patient was 
receiving antiarrhythmic medication. The mode of 
clinical presentation, the appearance of the present- 
ing electrocardiogram, age, sex, symptoms, and the 
presence or absence of organic heart disease were 
analysed. All patients underwent invasive electro- 
physiological study according to our protocol. 

A further 17 patients referred for investigation had 
atrial fibrillation as the presenting arrhythmia but in 
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these there was a history suggesting previous arr- 


hythmia. 
Results 


‘There were six male and four female patients (mean 
age 40 (range 16-61) years). A bimodal distribution 
was apparent—five were <33 and the remainder 
were > 47 years (table 1). 


CLINICAL FEATURES 

When atrial fibrillation developed all had palpitation, 
three had near-syncope, and-three had syncope. 
Three patients had a previous history of chronic 
angina pectoris and one had diabetes, hypertension, 
and a long history of alcoholism. 


ELECTROCARDIOGRAPHIC FINDINGS 

Electrocardiographic tracings recorded at the.time of 
presentation were available in all but one patient and 
showed variable patterns of conduction over the 
accessory pathway. The range of mean ventricular 
responses during atrial fibrillation at initial presenta- 
tion was 125-310 beats/minute. In the five patients 
aged 49—61 years the range of mean ventricular 
responses was 125—240 beats/minutes, whereas in 
those aged <33 the range was 270—310 beats/minute. 
The patierit in whom the initial electrocardiogram 
was not available (patient 10) was semiconscious at 
admission to hospital and required immediate direct 
current cardioversion for an extremely rapid and 


irregular ventricular rhythm. 


ELECTROPHYSIOLOGICAL FINDINGS (TABLE 2) 
In six patients the accessory pathway was found to be 
on the left free wall and in three it was posteroseptal; 
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Table 1 Summary of climcal findings in ten patients m whom atrial fibrillation was the first arrhythmia 
Patent Age at Follow up 
No presentation (y) Sex Symptoms Other cardiac disease (yr) 
1 58 M Palpitation Coronary heart disease 9 
2 49 M Palpitation Coronary heart disease 6 
3 33 M Palpitation + presyncope None 3 
4 24 F Palpitation None 9 
5 61 F Palpitation + presyncope Coronary heart disease 7 
6 56 F Palpitation + presyncope None 11 
7 24 M Palpitation + syncope None 10 
8 19 M Palpitation None 9 
9 59 M Palpitation + syncope Coronary heart disease, 5 
diabetes mellitus, hypertension 
10 16 F Palpitanon. + syncope None 7 
Table 2 Electrophystological findings in all patients 
Patent Sue of AP ERP Mean AF rate (beats|min) SRR (ms) 
No pathway (ms) At EP study Chracally At EP study Chmeally 
1 Left free wall 230 230 200 200 210 
2 Left free wall >SCL 140 125 520 300 
3 Posteroseptal 230 245 ` 270 210 160 
4 Posteroseptal 260 173 270 220 180 
5 Left free wall 280 200 180 240 230 
6 Anteroseptal 290 240 260 200 180 
7 Posteroseptal 230 300 305 170 180 
8 Left free wall 230 300 310 200 180 
9 Left free wall 290 200 ` 240 290 190 
10 Left free wall <ARP 300 — 200 — 


AP ERP, accessory pathway effective refractory period, AF, atrial fibrillation, EP, electrophysiological, SRR, shortest RR interval, ARP, 


atrial refractory period, SCL, snus cycle length 


it was anteroseptal in the other patient. The 
anterograde effective refractory period of the acces- 
sory pathway ranged from 230 to 290 ms in eight 
patients; in two it could not be measured owing to 
atrial refractoriness in one (patient 10) and because it 
was longer than the spontaneous sinus cycle length in 
the other (patient 2). All patients had inducible 
sustained orthodromic reentrant atrioventricular 
tachycardia. In two this degenerated spontaneously 
into atrial fibrillation while in the remainder the 
arrhythmia was induced by rapid atrial stimulation. 
Atrial fibrillation was sustained during electro- 
physiological study until sinus rhythm was restored, 
either pharmacologically or electrically in nine. 
Reversion to sinus rhythm was spontaneous in the 
tenth. The range of mean ventricular rates during 
atrial fibrillation was 140-300 beats/minutes with 
shortest RR intervals ranging from 170 ms to 520 ms. 


FOLLOW UP 

Patients were followed for 3-11 (median eight) years. 
Two have died. One (patient 2), who was treated with 
verapamil and quinidine, had remained free of ar- 
rhythmia until he died from carcinoma of the lung 
five years later. Patient 9 remained free of arrhythmia 
for four years and died of acute myocardial infarction 
that was confirmed at necropsy. Patient 8 declined 
treatment and continues to have reentrant atrioven- 


tricular tachycardia but not atrial fibrillation. Patient 
7 takes medication erratically and has palpitation. 
'The arrhythmia responsible has not been identified. 
Patient 5 is well on verapamil and quinidine; patient 4 
requires varying regimens and, though he still has 
paroxysmal reentrant atrioventricular tachycardia, 
there has been no more atral fibrillation. Three 
patients (cases 1, 6, and 10) are on amiodarone and 
have no symptoms; patient 3, also on amiodarone, has 
episodes of paroxysmal atrial fibrillation but with 
slower ventricular rates than he had originally (for 
example 120 v 270 beats/minute). 


Discussion 


Reetrant atrioventricular tachycardia is the most 
common arrhythmia in the Wolff-Parkinson- White 
syndrome.’ Although atrial flutter 1s rare, atrial 
fibrillation is seen in 10-32% of patients! and a rapid 
ventricular response to this may cause not only 
serious haemodynamic deterioration but also ven- 
tricular fibrillation.’ ° 

Atrial fibrillation may develop for a number of 
reasons but the coexistence of other forms of heart 
disease makes it more likely.” Sick sinus syndrome,’ 
cardiomyopathy, rheumatic heart disease, and 
coronary heart disease can all be contributing factors 
but they are not necessarily prerequisites for the 
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appearance of arrhythmia, as can be seen from our 
patients. Atrial or ventricular extrasystoles, reetrant 
atrioventricular tachycardia,'* and atrial or ven- 
tricular pacing, especially in the setting of intra-atrial 
conduction disturbance,‘ can all precipitate atrial 
fibrillation. 

In our study, atrial fibrillation was the initial 
arrhythmia in 9% of patients. In other patients with 
the Wolff-Parkinson-White syndrome a history of 
palpitation may be present and the same symptoms 
may be reproduced by the induction of atrial fibrilla- 
tion at electrophysiological study. It may, therefore, 
be the first arrhythmia in a higher proportion of 
patients with pre-excitation but not be identified as 
such. 

In older patients, for reasons that are unclear, the 
ventricular response was slower. The higher 
incidence of coexisting disease may, however, have 
provided the mechanism for initiation of the 
arrhythmia. 

In younger patients, extremely rapid ventricular 
rates were seen and one required direct current 
cardioversion. In a retrospective study Klein er al 
showed that rapid ventricular responses to atrial 
fibrillation were associated with ventricular 
fibrillation.? The degree to which induced atrial 
fibrillation is predictive of ventricular fibrillation has 
not, however, been prospectively evaluated. À rapid 
ventricular response to atrial fibrillation may be a 
highly sensitive marker for the development of 
ventricular fibrillation but it may be non-specific and 
other factors are known to have a role including 
digitalis’ or other drugs.’ Despite this, our median 
follow up over eight years suggests that such patients 
have a good medium term surival when they are 
medically managed. Furthermore, treatment was 
successful in preventing atrial fibrillation and in 
controlling the ventricular response if it recurred. 
Surgical ablation was advocated in only one patient 
but he declined it. He now has fewer and milder 
attacks. The other patients have opted for medical 
management despite the satisfactory long term 
results of operation." 

These findings counterbalance those of Milstein er 
al who found that 17% of symptom free patients with 
the Wolff-Parkinson- White pattern had “‘potentially 
lethal ventricular rates during induced atrial 
fibrillation"," a figure which is clearly in excess of 
sudden death rates in this syndrome. 

The role of electrophysiological study in the 
symptom free patient with resting pre-excitation 
remains unclear." The risk of rapidly conducted 
atrial fibrillation is small and although a previous 
history of reentrant tachycardia has been thought to 
be an important risk factor for the development of 
atrial fibrillation our results indicate that such a 
history may not always be present. 
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It has been suggested that electrophysiological 
study may be important even in symptom free 
individuals" but identification of those at high risk of 
development of atrial fibrillation, such as those with 
mitral valve disease or Ebstein's anomaly, may allow 
more appropriate selection of patients in such 
studies. The presence of rapid ventricular rates 
during induced atrial fibrillation in many patients 
who are usually symptom free! emphasises the 
necessity of interpreting these values in the context of 
other predictors of high risk. À prospective study of 
pooled eleccrophysiological and epidemiological data 
from several centres may help to elucidate the natural 
history of atrial fibrillation in the Wolff-Parkinson- 
White syndrome and its relation to sudden death. 
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SUMMARY In the 27 years from 1952 to 1979 (before the introduction of advanced cardiac surgery) 
all children in Central Bohemia (population 1:2 million) who died before the age of 15 were 
examined at necropsy. Period death rates at various ages were calculated in those with congenital 
heart disease. Nearly all the deaths (848, 89-696) occurred in the first year. Forty three (44% of 
survivors) died in the second year and 17 (31% of survivors) died between the second and fifth 
years. Over half (20) of the survivors died between the fifth and tenth years. Nearly half (44-2%) of 
those born with congenital heart disease who died before the age of 15 died in the first four weeks. 
- Aboutathird (29-175) died in the first week and period death rates were 9-795, 7-6%, and 5-7% for 
the second, third, and fourth weeks respectively. In neonates death rates were highest in those with 
hypoplastic left heart syndrome (89-295), coarctation of the aorta (66-795), truncus arteriosus 


(61:895), double outlet right ventricle (57-195), and pulmonary atresia (56-3%). 


A necrospy was performed on all children who died 
in Central Bohemia (population 1:2 million) before 
the age of 15 in a 27 year period from 1952 to 1979. 
We reviewed the data on children with congenital 
heart disease, which were collected before the 
introduction of advanced cardiac surgery. The 
distribution of the congenital heart malformations 
found in the dead children has been reported else- 
where.! 

In the present study we examine the distribution of 
the age at death in children who died before the age of 
15andin whom various congenital heart defects were 
found at necropsy. 


Patients and methods 


Central Bohemia, the area-around- Prague;--has-a- 


population of 1-2 million and has industrial and 
agricultural regions. The largest town has 70 000 
inhabitants. During the 27 years of the study there 
was little movement of population into or out of the 
area. All children who died from 1952 to 1979, either 
at home or in a hospital, before they were 15 were 
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examined at necropsy. The necropsy was done or 
supervised by DB. Congenital heart disease was 
found in 946 liveborn children. The necropsy 
protocols were analysed carefully and some cases 
were reclassified to comply with the contemporary 
nomenclature. In a complex congenital heart disease 
the malformation that determined a haemodynamic 
function was regarded as dominant. 

Before 1979 only children with ductus arteriosus 
were treated by operation. Three children in our 
study died after operation for closure of the ductus 
arteriosus. In 1952 shunt operations were introduced 
for the treatment of older children, and from 1968 
they were used to treat infants. Fourteen of the 
deaths in our study occurred in children with a 
systemic to pulmonary anastomoses. Banding of the 
pulmonary artery was first performed in 1964 and all 
eight children who died after the banding are 
included in this study. Until 1970 coarctation of the 
aorta was treated surgically only in children over 
three years of age. Twelve children died after open 
heart surgery for tetralogy of Fallot. There were 
three deaths after operation for ventricular septal 
defect and three after correction of atrial septal defect 
and pulmonary stenosis. Balloon atrial septostomy 
was introduced in 1967; this was the technique that 
had been used in 14 patients with transposition of the 
great arteries, in three with pulmonary atresia, and in 
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Table 1 Period death rates in children with various congenital heart diseases who died before the age of 15 in Central Bohemia 





Period of hfe ( years) 








Heart disease No 0-1 (94) 1-2 (94) 2-5(96) 5-10(%) — 10-15 (95) 
Aoruc stenosis 26 76 9 333 000 250 100 
Atrial septal defect 47 787 700 667 000 100 
Atrioventricular septal defect 60 93-3 750 100 

Coarctation of the aorta. - 57 965 000 000 500 100 
Double outlet right ventricle 42 929 333 000 500 100 
Hypoplastic left heart syndrome 102 100 

Ductus arteriosus 34 882 500 000 500 100 
Pulmonary atresia 48 938 667 000 000 100 
Pulmonary stenosis 10 700 333 000 100 

Single ventricle 32 875- 750 100 

Tetralogy of Fallot 69 536 31:3 182 611 100 
Total anomalous pulmonary venous connection 24 958 100 

"Transposition of the great arteries 100 990 100 

Tricuspid atresia 14 714 100 

Truncus arteriosus 34 941 500 100 

Ventricular septal defect 203 911 278 615 600 100 
Others 44 977 100 

Au 946 89 6 440 310 540 100 





one, with supracardiac total anomalous pulmonary 
venous connection. 

We calculated the period death rates for various 
age groups—the number of deaths in a given period 
calculated as a percentage of those who were alive at 
the start of the period. 


Results 


AGE AT DEATH IN CHILDREN WITH CONGENITAL 
HEART DISEASE WHO DIED BEFORE THE AGE 

og 15 

All heart diseases 


"Nearly all the deaths (848, 89:695) occurred in the 


first year of life (table 1). Nearly half (43, 4495) of 


those who survived the first year died in the second 
year and a third (17; 31%) of those surviving the 
second year died before they were six years old. Over 
half (20, 54%) the survivors died between the fifth 
and tenth years of life. The remainder died before 
reaching the age of 15. . 

Nearly half (44%) of those born with congenital 
heart disease died in the first four weeks (table 2). A 
fifth of the survivors of the neonatal period died in the 
second month. The next highest period death rate 
(19-994) was in the fourth month. Period death rates 
for the third month and between the fifth and seventh 
months ranged from 16:395 to 17-995. Period death 
rates were lower from the seventh month onwards. 

In total, 29-1% of thé children with heart disease 


Table 2 Period death rates m infants with various congenital heart diseases 











Period of hfe (months) 
0-1 1-2 2-3 34 4—5 5-6 6-7 7-8 8-9 9-10 10-11 
Heart disease No (79) (98) (A) (94) (96) A) (A) (99) (%) (%) (98) 
Aornc stenosis 26 42:3 200 167 200 125. 000 000 143 000 000 000 
Atrial septal defect 47 29-8 121 138 40 292 118 133 770 83 000 000 
Atrioventricular septal defect 60 167 80 152 231 200 250 222 143 333 25-0 00-0 
Coarctation of the aorta 57 667 211 153 230 200 125 286 (0000 200 500 00-0 
Double outlet right ventricle | 42 571 176 357 444 250 000 250 000 00 0 000 000 
Hypoplastc left heart syndrome 102 892 545 000 3400 000 333 000 500 000 100 

ctus arteriosus 34 11:8 233 273 375 100 105 286 200 000 000- 000 
48 563 286 200 167 500 200 250 0000 000 000 000 
Pulmonary stenosis 10 300 000 000 143 167 000 000 20-0 25-0 000 000 
Smgle ventncle 32 188 192 190 59 125 280 100 111 000 375 200 
Tetralogy of Fallot 69 232 113 21 44 91 50 26 81 59 000 000 

"Total anomalous pulmonary venous :; 
connection 24 417 308 44-4 400 000 020 333 000 000 500 000 
Transposition of the great arteries 100 470 434 267 22-7 118 200 333 125 42-9 000 000 
Tricuspid atresia 14 214 182 111 125 000 143 167 20-0 00-0 000 000 
"Truncus arteriosus 34 618 30-8 111 37-5 000 250 000 000 00-0 000 000 
Ventricular septal defect 203 36 9 180 210 253 226 20:4 256 10-3 153 136 345 
Others 44 409 192 33:3 21:4 91 20-0 250 00-0 33-3 250 333 
All 946 442 206 17.9 199 172 163 168 10-1 127 105 27 
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Table3 Period death rates in neonates (1 to 4 weeks old) with various congenital heart diseases 

Period of life (weeks) 
Heart disease No 0-1 (95) 1-2 (96) 2-3 (94) 3-4 (96) 
Aortic stenosis 26 269 158 63 000 
Atrial septal defect 47 170 51 54 57 
Atrioventricular septa] defect 60 67 3:6 T4 000 
Coarctation of the aorta 57 351 189 26 6 136 
Double outlet right ventricle 42 750 250 000 000 
Hypoplasuc left heart syndrome 102 68 6 344 238 313 
Ductus arteriosus 34 2:9 000 000 91 
Pulmonary atresia 46 583 143 125 000 
Pulmonary stenosis 10 50-0 000 000 000 
Single ventricle 32 31 65 69 37 
Tetralogy of Fallot 69 17-4 18 18 36 
Total anomalous pulmonary venous connection 24 42 87 238 133 
Transposition of the great arteries 100 270 123 111 70 
Tricuspid atresia 14 71 77 000 83 
"Truncus arteriosus 34 441 158 63 133 
Ventricular septal defect 203 739 60 43 52 
Others 44 318 100 3-7 00-0 
Al 946 291 97 76 57 


that we studied were dead by the end of the first 
week. The period death rates for the second, third, 
and fourth weeks were 9-7%, 7-695, and 57% 
respectively. 


Heart disease categories 

In neonates the highest death rates (89-295) occurred 
in those with hypoplastic left heart syndrome (table 
2). Coarctation of the aorta, truncus arteriosus, 
double outlet right ventricle, and pulmonary atresia 
were associated with death rates of >50%. Death 
rates were lower in those with ductus arteriosus, 
atrioventricular septal defect, and single ventricle 
(table 3). 

Period death rates in the second month of life also 
showed the highest rates for hypoplastic left heart 
(table 2); but coarctation of the aorta fell from the 
second most highest rate to the seventh. It was 
replaced in second place by transposition of the great 
arteries. The third highest period death rate (30-8%) 
for those who survived the first month of life was 
found in those with total anomalous pulmonary 
venous connection and truncus arteriosus. Pulmon- 
ary atresia remained in fifth position. No child with 
isolated pulmonary stenosis died in the second month 
of life. In the second month, period death rates for 
atrioventricular septal defect, tetralogy of Fallot, and 
atrial septal defect were very low. 

Nearly all the deaths occurred in the first year after 
birth, but there was variation in period death rates for 
different heart diseases (table 1). All children with 
the hypoplastic left heart syndrome died during this 
period, as did >90% of those with transposition of 
the great arteries, coarctation of the aorta, total 
anomalous pulmonary venous connection, truncus 
arteriosus, pulmonary atresia, atrioventricular septal 


defect, double outlet right ventricle, and ventricular 
septal defect. 


DEATH RATES ASSOCIATED WITH DIFFERENT 
HEART DISEASES 

In patients in whom ventricular septal defect was 
diagnosed at necropsy the highest period death rate 
occurred in the first month (table 2). In the second 
month the death rate was halved and for the third to 
seventh months of age period death rates ranged from 
20 4 to 25-694. After this period period death rates 
were low, except in the eleventh month. In those who 
survived infancy the period death rate was lowest 
(27-895) in the second year of life (table 1). 

Most (89 2%) children with the hypoplastic left 
heart syndrome did not survive the first month of life 
(table 2), and period death rates remained high 
throughout infancy. The remainder of those dying 
before they were 15 died in the tenth month of life. 

Forty seven per cent of children born with trans- 
position of the great arteries who died before they 
reached 15 died in the neonatal period (table 2). The 
period death rate was high in the first week (table 3). 
The period death rate in the second month was only 
slightly lower (43:495) and it became lower during 
the next three months. The period death rate was 
highest in the patients who survived till the end of the 
first year. The rest of the patients died in the second 
year of life (see table 1). 

Those who died with tetralogy of Fallot had the 
lowest (53 6%) period death rate in infancy of all the 
categories of heart disease. Later in childhood period 
death rates in children with this defect became higher 
(table 1). 

The period death rate in children with atrioven- 
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tricular septal defects was one of the lowest in the first 
two months. This increased from the fourth month 
and the last patients died between the second and 
fifth years of life (table 1). 

In the first year of life the period death rate 
(96-595) in those with coarctation of the aorta was the 
third highest for any disease category (table 1). In 
neonates coarctation of the aorta had the second 
highest period death rate (table 2). During the first to 
the eighth months it varied between 12-5 and 28:695. 
No patient died in the period from the eleventh 
month to the fifth year of age. 

More than half of patients (58-395) with pulmon- 
ary atresia died in the first postnatal week (table 3). 
Period death rates were high in the first seven months 
of life. In total 93-895 of those with fatal pulmonary 
atresia died in infancy. Those who survived the first 
two years of life tended to survive until they were 15. 

Period death rates in children with atrial septal 
defect were 78:7% in the first year and 70-0 and 
66-794 in the two succeeding periods (1—2 and 2-5 
years). In infancy the period death rate was lowest in 
the later months. 

Most (92:995) children with double outlet right 
ventricle died in the first seven months of life (tables 1 
and 2). The period death rate in the second year of life 
dropped to 33-394. 

For children with truncus arteriosus the period 
death rate was highest (04-195) in the first year of life, 
especially in the first four months (tables 1 and 2). 
The last patient died before the age of five. 

All patients who died in childhood with total 
anomalous pulmonary venous connection or tricus- 
pid atresia died in the first two years of life (table 1). 
All those with a single ventricle were dead before the 
age of five. Period death rates in those with ductus 
arteriosus were high early in infancy and very low in 
the last four months of infancy and between the 
second and fifth years of life. Period death rates for 
aortic stenosis were highest in the first five months. 


Discussion 


We studied a group of children with heart disease 
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who died before the age of 15. Our data on the 
mortality of children with a heart disease and the 
incidence of congenital heart disease show that such 
cases make up about one third of all children born 
with heart disease. 

Table 4 compares our results with those of other 
studies of mortality in children with a congenital 
heart disease.^* The period death rate in the first 
week after birth ranges from 27% to 54%. Our 
figures for the first week and first month are higher 
than those of Kerrebijn* but lower than those of all 
other reports. At the end of the first year of life the 
period death rate in our series was within the 
reported range but it was higher than the mean 
period death rate of 84% for all reported studies. Our 
series has the advantage of being more than four 
times larger than the largest series reported so far and 
of giving complete coverage of all deaths, both in 
hospital and at home. We also had systematic 
coverage of total child deaths, which excludes various 
selection bias of other studies. 

'The duration of the study (27 years) eliminates 
possible year to year variations in the period death 
rates and disease specific death rates. The decline in 
infant mortality in Central Bohemia from 30 per 1000 
of liveborn children in 1952 to 15-7/1000 in 1979 may 
have influenced our results. There was not a propor- 
tional decrease in the mortality of children with 
congenital heart disease. On the contrary, the 
proportion of deaths from congenital heart disease 
increased from 4-794 of total deaths in 1952 to 7-8% 
in the last five years of the study. 

We studied a period before surgical treatment 
could have had an appreciable effect on death rates. 
Only period death rates in those with ductus 
arteriosus were likely to have been affected by 
surgical treatment. Nevertheless, operations for duc- 
tus arteriosus were only done occasionally in infancy 
when the period death rate was highest and so such 
interventions are unlikely to have significantly chan- 
ged the results. Similarly, the anastomosing opera- 
tions for tetralogy of Fallot, which were done only in 
older children until 1968 and in a very limited 
number of patients below the age of four years in the 


Table4 Period death rates (%) in children with congemtal heart disease reported in other series 





Authors Reference No of cases 
2 145 
Feldt er al 3 81 
i d Keith 4 29 
Hoffman and Christianson 5 43 
Kerrebijn 6 15 
Mustacchi et al 7 171 
Renwick er al 8 206 
amánek This study 946 
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last years of study, could not have influenced the 
results markedly. A balloon atrial septostomy can 
postpone but not change the unfavourable outcome 
of transposition of the great arteries, and period 
death rates before and after 1967 (when the septos- 
tomy was introduced) did not differ significantly. 

The finding of heart disease at necropsy does not 
necessarily mean that it, rather than anotber lethal 
disease, was the cause of death. In an earlier report we 
found that heart disease could have been responsible 
for death in only 45% of those neonates in whom a 
heart malformation was found at necropsy.’ 


We thank Professor F J Macartney for stimulating us 
to write this paper and for his help with processing 
the statistical data. 
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Case reports 


His bundle haemorrhage and external cardiac 
massage: histopathological findings 


L ROSSI, L MATTURRI 


From the Department of Pathology, Laboratory of Cardiovascular Research, University of Milan, Milan, Italy 


SUMMARY Histological examination showed acute haemorrhage of the bifurcating His bundle and 
of the left bundle branch in a 35 year old man who died after being given external cardiac massage 
for cardiac arrest. “Hammering” of the ventricular septum crest against the central fibrous 
skeleton of the heart by compression of the sternum was believed to have caused the haematoma of 


the junctional tissue. 


"There is a risk of injury to the heart during external 
cardiac massage.’ Cardiac rupture (particularly of the 
right atrium), and epicardial, endocardial, and/or 
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intramyocardial haemorrhage have been reported,! 
as a consequence of the pressures that must be 
applied during this emergency manoeuvre’ (fig 1). 
But the possibility of lesions of the specialised 
junctional tissue has not been investigated. 

We report the histopathological findings in the 





Fig 1 The mechamcs of external cardiac massage. The ventricular septum is in parallel with the axis of 
sternal compression (left) and relaxation (right) and 1s crushed repeatedly, thereby hammering the 
bifurcating His bundle against the heart's fibrous skeleton (black triangle). HB, His bundle; L.A and LV, 
left atrium and ventricle; RA and RV, nght atrium and ventricle, 


586 


His bundle haemorrhage and external cardiac massage: histopathological findings 


(770p pa Nee YD) 
PST : : 


ay 





Lb 


S 


Fig2 Haematoma of the proximal left bundle branch, from 
the hisian bifurcation downwards; the root of the right bundle 
branch is intramural. Azan stain, original magnification X 
25. bHB, bifurcating His bundle; LBB and RBB, left and 
right bundle branch. 


conduction system of a patient who did not survive 
cardiac arrest, despite correctly applied closed chest 
cardiac massage. 


Case report 


A 35 year old man, with no history of heart disease 
suddenly presented with life-threatening shock; 
resuscitation attempts, including external cardiac 
massage, were continued until the patient died of a 
cardiac arrest. At necropsy an acute anterolateral 
myocardial infarction was found. Histological 
examination of the conduction system’ showed a 
recent subendocardial septal haematoma of the prox- 
imal left bundle branch and the hisian bifurcation; 
the root of the right bundle branch was intramural 
(fig 2). 


Discussion 


Did the His bundle haemorrhage occur during life or 
immediately after death? Efforts at emergency resus- 
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citation usually continue until after the patient has 
died. Because reliable electrocardiograms cannot be 
obtained during cardiac massage the exact time of 
death cannot be determined. Moreover, raised 
intracranial pressure and hypoxia can cause spotty 
haemorrhagic effusions in the heart of people who die 
of cardiorespiratory arrest, particularly those on 
anticoagulants. 

None the less, whatever other factors may have 
been responsible for findings in other cases, we 
believe that in our patient the junctional haematoma 
was caused by injury during attempted resuscitation. 

During classic closed chest cardiac massage (fig 1) 
the heart is squeezed between the sternum and the 
spinal column; considerable pressure must be 
applied by the operator to achieve adequate pumping 
of the ventricular chambers. Ejection of blood 
usually provides some compliance to protect the free 
walls of the ventricles from injury. But the stiff 
ventricular septum, which lies along the axis of the 
piston action, is crushed and bent during each sternal 
compression (fig 1); in particular, the bifurcation of 
the His bundie, which straddles the septal crest, is 
hammered against the anvil of the central cardiac 
skeleton (fibrous body/aortoventricular membrane’). 
Because it is the target of heavy, repeated impacts this 
site is at increased risk of traumatic bleeding (fig 2). 

We are not questioning the rationale of closed- 
chest massage; however, we believe that whenever 
the heart is crushed by accident or during resuscita- 
tion, the potential effect on the conduction system 
must be remembered. 
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Coronary angioplasty in pregnancy 


NCCOWAN, MA pe BELDER, M T ROTHMAN 
From the Cardiac Department, The London Hospital, Whitechapel, London 


SUMMARY Myocardial infarction is rare in pregnancy. A 30 year old white primigravida had an 
anterior infarct at 20 weeks' gestation, which was followed by troublesome angina. Coronary 
angiography showed a tight stenosis of the left anterior descending coronary artery. This was 
treated successfully by percutaneous transluminal coronary angioplasty. 


Case report 


A 30 year old white woman presented at 20 weeks' 
gestation in her first pregnancy with paraesthesiae 
and severe pain in her left arm and hand. This was 
followed by a dull feeling of intense retrosternal 
pressure radiating down both arms, which was 
associated with profuse sweating, nausea, and vomit- 
ing. There was no previous medical or drug history. 

The patient had smoked 30 cigarettes a day for 
fourteen years. Her father and paternal uncle had 
died after myocardial infarction aged 39 and 40 years 
respectively. There were no other associated risk 
factors for myocardial infarction. 

The patient was admitted from home directly to 
the coronary care unit of her local hospital. The first 
electrocardiogram showed unequivocal ST elevation 
in leads I and V2-V6. Because the symptoms persis- 
ted she was given intravenous diamorphine. While 
she was being examined cardiac ventricular fibrilla- 
tion occurred. Cardiopulmonary resuscitation was 
performed and intravenous lignocaine was adminis- 
tered; four direct current shocks were required to 
restore sinus rhythm. 

Four days later further typical ischaemic chest 
pain occurred which did not settle despite intraven- 
ous infusion of isosorbide dinitrate. She was also 
treated with oral nifedipine 20 mg twice a day, 
atenolol 100 mg twice a day, slow release isosorbide 
dinitrate 20 mg twice a day, diazepam 2 mg three 
times a day, and potassium supplements. Urgent 
transfer to a regional cardiac centre was arranged. 

On arrival at the centre a 12 lead electrocardiogram 
showed diminished R waves in leads V1—V4, normal 
ST segments, and T' wave inversion in lead V1 only. 
Ultrasonography showed a normal fetus. The ges- 
tational age was estimated to be 20-5 weeks by 
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measurement of the biparietal diameter. Coronary 
angiography, performed from a right brachial 
approach by the Sones’ technique, showed 
a single pronounced proximal stenosis of the left 
anterior descending coronary artery (fig la) and 
some irregularity of the posterior descending branch 
of the right coronary artery. The left main stem 
and circumflex arteries were normal. The left ven- 
triculogram showed an akinetic anterior wall (fig 2a). 
During the procedure the fetus was protected by 
positioning lead aprons behind and over the anterior 
wall and flanks of the patient’s abdomen. The 
radiographic screening time was kept as short as 
possible. Thermoluminescent dosimetry measure- 
ments of the radiation dose received by the patient’s 
skin showed a maximum fetal dose of <0-55 mSv. 
We assumed that a completed myocardial infarct had 
occurred. The patient’s symptoms settled and a ten 
day postinfarct submaximal exercise test (equivalent 
to completing stage 1 of the Bruce protocol) was well 
tolerated. There were no cardiac symptoms or ST 
changes and there was a satisfactory rise in blood 
pressure. The test was performed on the same oral 
medication as that given before transfer to the 
regional centre, and she remained on this combina- 
tion on discharge. 

Nine days after discharge she had further central 
chest pain. The patient was immediately admitted to 
the regional cardiac centre. The electrocardiogram 
showed deep T wave inversion in leads I, aVL, and 
V2-V6. Treatment with intravenous isosorbide din- 
itrate was started and the patient was anticoagulated 
with a constant infusion of intravenous heparin. The 
patient’s chest pain continued despite full medical 
treatment. 

Percutaneous transluminal angioplasty of the tight 
stenosis of the left anterior descending artery was 
performed via a right femoral approach with a left 
coronary guide catheter (USCI), a 0-018 inch high 
torque floppy guide wire (ACS), and a 3 mm dilata- 
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Figl Right anterior oblique projections of the left anterior descending coronary artery before (a) and after (b) percutaneou 


transluminal coronary angioplasty. 


tion catheter (ACS). Four inflations at 808 kPa 
pressure were made each for 60 seconds with good 
result (fig 1b). T wave changes were seen during the 
procedure but no pain was experienced. Screening 
time was again kept to a minimum and the fetus was 
shielded as for the earlier angiogram. Thermolumin- 
escent dosimetry measurements indicated that the 
maximum radiation dose to the fetus was < 0-7 mSv. 
A constant intravenous heparin infusion was contin- 
ued for 24 hours. After angioplasty the patient was 


treated with dipyridamole 100 mg three times a day 
aspirin 75 mg once a day, diltiazem 60 mg three times 
a day, and one Transiderm-Nitro patch daily (relea 
ing 5 mg of glyceryl trinitrate). 

Two days after angioplasty the patient had 
exercise test, performed according to a modified 
Bruce protocol; she exercised to an equivalent of one 
minute into stage 4 of the Bruce protocol and did not 
experience angina. There were no ST changes and 
blood pressure was well maintained 





Fig2 (a) Right anterior oblique projection of the left ventriculogram before (a) and after (b) angioplasty Image wa 
obtained in diastole with systolic outline superimposed. (a) Shows anterior akinesia and ( b) shows improved anterior wall 
motion. (b) Right anterior oblique projection of the left ventriculogram in diastole with systolic outline superimpose d 
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The patient was discharged home and was revi- 
ewed monthly throughout the remainder of her 
pregnancy, during which she was free from angina. 
She acted on advice to give up smoking. The 
electrocardiographic changes gradually reverted and 
the electrocardiogram was normal at delivery. At 36 
weeks' gestation the fetus was found to be breech 
presentation. At 38 weeks an elective lower segment 

_caesarean section was carried out under „general 
anaesthesia. A healthy boy weighing 3-46 kg was 
delivered. Three months after the angioplasty, follow 
up angiography was performed at the patient's 
request. This showed improved anterior wall motion 
(fig 2b). The site of dilatation was satisfactory. After 
the procedure the patient used a Transiderm-Nitro 
patch daily for six months, remained on diltiazem 
and aspirin for eighteen months, and is currently still 

- taking dipyridamole. Two years after the angioplasty 

both mother and child remain well. There is no 
evidence of diabetes mellitus or hyperlipoprotein- 
aemia. 


Discussion 


We believe this to be the first report of a case of 
percutaneous transluminal coronary angioplasty in 
pregnancy. The indication for treatment of the tight 
stenosis of the left anterior descending coronary 
artery was the occurrence of angina resistant to 
medical treatment two weeks after an anterior 
myocardial infarction. 

Myocardial infarction in pregnancy is rare, with a 
frequency which is thought to be of the order of 1 in 
10 000 deliveries.! T'he overall mortality is probably 
similar to that of myocardial infarction in-non-preg- 
nant patients. It has been suggested that mortality is 
related to gestational age at infarction, being higher 
in late pregnancy when vascular stresses are at their 
greatest? Successful resuscitation from ventricular 
fibrillation has been reported, with maternal and fetal 
survival.?? 

The risk factors for myocardial infarction in young 
women include smoking, hypertension, diabetes, 
familial hyperlipoproteinaemia, and use of oral con- 
traceptives.** Of these, cigarette smoking is the most 
important identified risk factor. 

The choice of drug treatment for pregnant patients 
with symptomatic coronary artery disease must take 
into account any possible adverse effects of the drug 
on the fetus. There is no absolute contraindication to 
the use of a f blocker in pregnancy; this form of 
treatment has been used safely in hypertensive 
pregnant patients.’ Early reports suggesting associa- 
tion with growth retardation, acute fetal distress in 
labour, hypoglycaemia in the newborn, and a high 
perinatal mortality’ were not confirmed by sub- 
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sequent controlled studies." Although fi blockers are 
excreted in small amounts in breast milk, there is no 
evidence that this transfer is of any importance, at 
least in patients taking atenolol There is no 
evidence that nitrates cause fetal abnormalities." All 
calcium antagonists cross the placenta and can inhibit 
uterine contractions; nifedipine and verapamil have 
been used as tocolytic agents in cases of premature 
labour and there is no evidence that these two drugs 
cause fetal malformations.“ Diltiazem, however, 
remains a suspected human teratogen.' 

In survivors of uncomplicated myocardial infarc- 
tion in pregnancy, the method of delivery should 
depend on obstetric factors only. Survey of the 
reported cases suggests that management of the 
actual delivery is based more on belief than know- 
ledge.’ Some cases of myocardial infarction in preg- 
nancy--are associated with normal angiographic 
appearances of the coronary arteries." In view of the 
possibility of coronary artery spasm, it seems wise 
not to use ergometrine immediately after delivery in 
survivors of myocardial infarction in pregnancy. 
Similarly, oxytocin infusion should be avoided if 
possible. 

Our patient continued to have angina after 
myocardial infarction. It rapidly became unstable 
despite further treatment and it was thought that she 
required intervention for the known stenosis of the 
left anterior descending coronary artery. The earliest 
reports of cardiac operation (closed mitral commis- 
surotomy) during pregnancy appeared in 1952!5; 
since then several hundred cases of commissurotomy 
have been reported without the need for cardiopul- 
monary bypass. The maternal death rate was <2% 
and fetal.loss was 7-5-995. Cardiopulmonary bypass 
during pregnancy has been reported in less than 100 
cases, and the mortality results for mother and fetus 
have improved with time. Maternal mortality was 
about 4% but it is now no different from that of the 
overall population undergoing cardiopulmonary 
bypass.'* Fetal loss has been reduced from an early 
rate of 30%, but it is still considerable (about 10%). 
There is only one report, however, of coronary artery 
bypass surgery during pregnancy'*—in a 36 year old 
patient with severe angina and a 90% stenosis of the 
left main coronary artery. The patient was 12-14 
weeks' pregnant and later delivered a normal child. 
"This was her fifth pregnancy. 

Coronary angioplasty is an attractive alternative 
especially in a case of essentially single vessel disease 
with a proximal lesion in the left anterior descending 
coronary.artery. Although there is a small risk of 
complications that can lead to the need for urgent 
operation, angioplasty does not require a general 
anaesthetic and cardiopulmonary bypass. The 
options were put to our patient who consented to the 
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procedure. 

We took care to reduce fetal irradiation by limiting 
the exposure time and protecting the fetus with lead 
shields. The maximum fetal dose was estimated to be 
less than 0-7 mSv during the angioplasty and less 
than 0:55 mSv at the time of the initial cardiac 
catheterisation. This is well within the limits of 
acceptable risk to the fetus. The current consensus of 
expert opinion in the United States suggests that 
there is no reason for concern if the dose to the 
embryo is « 10 mSv at any stage of the pregnancy. 
With exposure of less than 10 mSv, current evidence 
suggests that the risk of adverse effects (teratogen- 
esis, carcinogenesis, and prenatal death) is small 
compared with the spontaneous incidence (4-675) of 
congenital abnormalities in liveborn infants with no 
history of irradiation. If the dose to the embryo was 
in the 10-100 mSv range, radiation risk alone is not 
grounds for recommending therapeutic abortion. 
Only if the dose to the embryo was > 100 mSv should 
therapeutic abortion be recommended on grounds of 
x ray exposure alone." For comparison, the gonadal 
dose received with a routine abdominal radiograph or 
an intravenous urogram is 1 mSv and 4 mSv respec- 
tively. 

There have been no studies to determine the 
optimal drug regimen after percutaneous trans- 
luminal coronary angioplasty nor is it known how 
long such a regimen is required. We routinely give 
heparin for 18-24 hours after angioplasty, particu- 
larly in patients with unstable angina, and maintain 
the patient on vasodilator (nitrates, calcium antago- 
nists, or both) and antiplatelet drugs. f Blockers are 
usually avoided. Administration of heparin during 
and after the angioplasty was considered to be 
relatively safe because heparin does not cross the 
placenta.” Warfarin and other coumarin derivatives 
are teratogenic and should be avoided in the first 
trimester of pregnancy” and if they are used later 
they should be stopped before labour to prevent 
excessive blood loss. Studies of an association bet- 
ween the ingestion of aspirin and the development of 
fetal malformations are inconclusive**”*; any possible 
association probably requires the ingestion of large 
doses of aspirin, as does the promotion of premature 
vasoconstriction of the ductus arteriosus, which can 
lead to increased fetal pulmonary artery pressure 
and, during long term treatment, disturbance in 
pulmonary vascular development. In our case we 
prescribed a low dose of aspirin; however, even this 
can cause minor haemorrhagic consequences in new- 
born infants.” Dipyridamole, however, is not known 
to be associated with fetal malformations." 

Our patient had a limited myocardial infarct in 
mid-pregnancy. She survived cardiac arrest 
associated with ventricular fibrillation, which fortun- 
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ately occurred when she was already on a coronary 
care unit. Subsequent unstable symptoms were 
found to be associated with.a tight stenosis of the left 
anterior descending coronary artery that was par- 
ticularly suited to treatment by percutaneous trans- 
luminal coronary angioplasty. Exposure of the fetus 
to x rays was kept to a minimum. The application of 
this technique allowed the mother to have an angina 
free pregnancy, delivery, and puerperium, and she 
was delivered of a normal male infant. No decision 
has been reached regarding further pregnancies. 
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Diagnosis of a right coronary artery-left ventricular 
fistula by cross sectional and Doppler 


echocardiography 


YONGYUTH SAHASAKUL,* 
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SUPHACHAI CHAITHIRAPHAN,* 


From the * Division of Cardiology, Department of Medicine, and the 1 Division of Cardiothoracic Surgery, 
Department of Surgery, Faculty of Medicine, Siriraj Hospital, Mahidol University, Bangkok, Thailand 


SUMMARY A case of right coronary to left ventricular fistula was diagnosed by cross sectional and 
Doppler echocardiography. The origin and site of entry into the left ventricle of the enlarged right 
coronary artery were shown by cross sectional echocardiography. Diastolic flow was detected in the 
left ventricle by both pulsed and continuous Doppler echocardiography. The fistula was confirmed 
by cardiac catheterisation and was successfully closed at operation. 


Coronary artery fistula is a rare congenital anomaly in 
which the affected coronary artery empties into the 
left ventricle. These fistulas can be identified by 
angiography but recent reports have shown the 
potential usefulness of non-invasive techniques.** 
We report a case in which a combination of cross 
sectional and pulsed and continuous Doppler 
echocardiography was used to image a coronary 
artery fistula and identify its site of drainage. 


Case report 


A 23 year old woman had a two year history of 
exertional dyspnoea, palpitation, and recurrent diz- 
ziness. Physical examination showed a normally 
developed young woman. Blood pressure was 140/90 
mm Hg in both arms, and the pulse was 88 beats per 
minute and regular. There was no clinical evidence of 
cardiac enlargement. The first and second heart 
sounds were normal in quality and intensity. There 
was a grade 3/6 diastolic murmur over the central 
lower region of the sternum. The electrocardiogram 
showed left ventricular hypertrophy by voltage 
criteria. A chest x ray showed slight cardiomegaly 
with a circumscribed opaque round shadow at the 
right cardiophrenic angle (fig 1a). 
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At cardiac catheterisation the left ventricular end 
diastolic pressure was raised at 21 mm Hg. Coronary 
angiography showed a considerably dilated and tor- 
tuous right coronary artery (corresponding to the 
right paracardiac shadow) draining into the left 
ventricle (fig 1b). The left coronary artery was 
normal. 


ECHOCARDIOGRAPHIC FINDINGS 

We used an Aloka mechanical scanner Model 885D- 
118 for cross sectional echocardiography and a 
Toshiba phased array scanner SSH-40A for com- 
bined cross sectional and Doppler echocardiography. 
In the parasternal short axis view, the ostium of the 
right coronary artery (2 cm in diameter) was seen to 
originate from the aorta (fig 2a). The site of entry 
(1 cm in diameter) into the moderately enlarged left 
ventricle was shown just below the posterior mitral 
leaflet at the posteromedial region of the left ventricle 
in a parasternal short axis view (fig 2b). This 
corresponded with the angiographic findings. Both 
pulsed and continuous Doppler showed a diastolic 
flow pattern at the site of entry. 

At operation, a dilated right coronary artery 
measuring 1:5 cm in diameter was found communi- 
cating with the inferior wall of the left ventricular 
cavity at the crux. The fistula was closed at its distal 
end by interrupted sutures. The patient was dischar- 
ged in good condition on the seventh day after 
surgery and was free of symptoms at follow up six 
months later. 
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Figl /a) Chest x ray in posteroanterior projection showing mild cardiomegaly and normal pulmonary vasculature. There 
was an opaque shadow at the right cardiophrenic angle. (b) Right coronary angiogram showing a diffusely dilated, tortuous 
right coronary artery (RCA) that emptied into the left ventricle (LV). 


Discussion 


Cross sectional echocardiography has been used to 
image normal calibre coronary arteries and to 
demonstrate dilated coronary arteries associated with 
the mucocutaneous lymph node syndrome and with 
coronary artery fistulas. ^ Reeder et al used cross 
sectional echocardiography to visualise an aneurys- 
mal coronary artery fistula and they concluded that 
contrast echocardiography was better than angiogra- 
phy for delineating the cardiac chamber into which 
the fistula emptied.* The identification of both distal 
and proximal portions of a coronary fistula by cross 
sectional echocardiography has also been reported.* ° 
Agatston er a/ used pulsed Doppler to confirm the site 
of the distal end of the fistula at the junction of the 
coronary sinus and right atrium." Cross sectional 
visualisation of dilated proximal coronary arteries 
alone, however, does not indicate the presence of a 
coronary fistula.’ It is often difficult to distinguish 


Fig2 Cross sectional echocardiogram showing (a) 
parasternal short axis view of the aorta ( AO ) at the level of 
aortic valve showing the markedly enlarged proximal right 
coronary artery ( RCA) (arrow); (b) parasternal short axis 
view just below the mitral valve showing the distal right 
coronary artery ( white arrow) draining into the left ventricle 
(LV). The site of entry into the left ventricle is indicated by 
the curved black arrow. 





Diagnosis of coronary fistula by Doppler echocardiography 


between fistulas and aneurysms of the coronary 
artery or anomalous origin of the coronary arteries. 
But Doppler echocardiography can identify contin- 
uous flow in the right heart chambers or diastolic flow 
in the left ventricle, and hence confirm the site of 
drainage of the fistula.” ? 

Echocardiographic imaging of the dilated prox- 
imal portion and the distal end of the right coronary 
artery draining into the left ventricle just below the 
posterior mitral leaflet in this present case should 
therefore be sufficient for the diagnosis of a right 
coronary artery fistula to left ventricle. The portal of 
entry was detected by pulsed Doppler echocar- 
diography and was confirmed by angiography and at 
operation. 
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Balloon dilatation of a Waterston aortopulmonary 


anastomosis 


JOHN L GIBBS, NEIL WILSON, PHILIP pa COSTA 
From the Departments of Paediatric Cardiology and Histopathology, Killingbeck Hospital, Leeds 


SUMMARY  Percutaneous balloon dilatation of a Waterston anastomosis was performed in a child 
who had had four shunt operations. Initially, the procedure was apparently successful, but 
pulmonary oedema developed and he died 12 hours after the procedure. 

Balloon dilatation of a Waterston anastomosis is technically possible and may prove to be an 
alternative to reoperation in certain patients. But further experience with the technique is 
necessary to determine the optimum size of the inflated balloon, and to avoid the risk of producing 


an excessive increase in pulmonary blood supply. 


Percutaneous balloon dilatation is useful for the 
treatment of a wide variety of stenotic lesions 
associated with congenital heart disease. The tech- 
nique may prove to be valuable for the dilatation of 
surgical aortopulmonary anastomoses; however, 
published data seem to be restricted to a single report 
of balloon angioplasty of a stenosed Blalock-Taussig 
shunt.’ We report the case of a patient who had 
balloon angioplasty of a Waterston anastomosis after 
four shunt operations. The blood supply to the right 
lung was increased to such an extent that pulmonary 
oedema developed and he died 12 hours later. 


Case report 


A thirteen year old boy with pulmonary atresia and 
ventricular septal defect had had a Waterston shunt 
constructed in the neonatal period. Later he had a left 
Blalock-Taussig shunt when he was two and revision 
of this shunt when he was five. When he was nine he 
had an ascending aorta to left pulmonary artery 
Goretex shunt. The last operation was complicated 
by severe haemorrhage from multiple small collateral 
vessels. Four years after his last operation his cyan- 
osis and exercise tolerance had again worsened. 
Reinvestigation showed that his principal pulmonary 
blood supply was to the right pulmonary artery from 
the 13 year old Waterston shunt. The central and 
main pulmonary arteries were occluded and there 
was only a scant collateral supply to the left lung. No 
true pulmonary arteries were identified on the left 
and the Blalock-Taussig and Goretex shunts were 
Requests for reprints to Dr John L Gibbs, Department of Paediatric 
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occluded. 'T'he diameter of the Waterston shunt was 
approximately 3 mm. 

Under general anaesthetic and mechanical ventila- 
tion with 30% oxygen the right pulmonary artery 
was catheterised by a retrograde percutaneous 
approach from the right femoral artery with a 7 
French Gensini catheter. A double length guide wire 
was positioned in the pulmonary artery supplying the 
right lower lobe and the Gensini catheter was 
replaced by an 8 mm Meditech balloon catheter. No 
waist was seen when the balloon was fully inflated. A 
12 mm balloon catheter was substituted, and a clear 
waist was seen which abruptly disappeared on full 
balloon inflation. Repeat aortography showed that 
the size of the Waterston anastomosis had increased 
considerably. The pulmonary artery pressure abrup- 
tly rose to 42/30 mm Hg from 15/11 mm Hg, the 
aortic diastolic pressure fell to 46 mm Hg from 65 
mm Hg, and the aortic oxygen saturation rose from 
79% to 96%. He recovered rapidly from the general 
anaesthetic and seemed to be well; however, he had a 
collapsing pulse. Shortly afterwards clinical signs of 
frank pulmonary oedema developed and he was 
promptly reventilated. A chest radiograph showed 
pulmonary oedema and a pleural effusion on the right 
and considerable oligaemia on the left. Despite 
intensive supportive therapy he-died 12 hours after 
dilatation. 

Necropsy showed gross congestion and oedema of 
the right lung with a surrounding pleural effusion 
and confirmed the angiographic findings of pulmon- 
ary atresia with ventricular septal defect and 
occluded central and Blalock-Taussig shunts. There 
were dense mediastinal and pericardial adhesions and 
the heart was not enlarged. There was no extravas- 
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Figure The orifice of the Waterston anastomosis viewed 
from the aorta, Dilatation was largely the result of disruption 
of the wall of the anastomosis, producing a V shaped tear in 
its inferior wall. 


cular evidence of trauma or haemorrhage surround- 
ing the ascending aorta or the right pulmonary 
artery. The Waterston anastomosis had been enlar- 
ged to a maximum diameter of approximately 10 mm 
by a tear on its inferior aspect (figure), extending 
from the aorta into the proximal right lower lobe 
pulmonary artery. The tear included the intima and 
elastic and fibrous tissue of the aortic and pulmonary 
arterial walls, but did not extend into the dense scar 
tissue surrounding the anastomosis. Microscopy of 
the aortic wall at the anastomosis showed considera- 
ble fibroelastic intimal hyperplasia. 


Discussion 


Balloon angioplasty may be valuable for the relief of 
both branch pulmonary artery stenosis?’ and coarcta- 
tion of the aorta.*? The choice of the optimum size of 
the inflated balloon may be difficult because this 
depends not only on the severity of the stenosis but 
also on its site—that is, the elasticity of the lesion to 
be dilated. Balloon diameters > 2:5 times that of the 
stenosis may be needed for the successful dilatation 
of narrowings of the branch pulmonary arteries or 
coarctation of the aorta^? and balloon dilatation of the 
pulmonary valve may require balloon diameters that 
are up to 40%, greater than the diameter of the valve 
annulus.* Postoperative narrowings of venous chan- 
nels may be very compliant, and may require inflated 
balloon diameters of up to four or five times the 
diameter of the stenosis.’ In a report of dilatation of a 
stenosed Blalock-Taussig shunt successful dilatation 
(three times the diameter of the stenosis) was even- 
tually achieved with an inflated balloon with a 
diameter six times that of the stenosis,’ suggesting 
that stenotic lesions involving the surrounding scar 
tissue may be the most elastic of all. Dense fibroelas- 
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tic tissue was found within the aortic wall at the site of 
anastomosis in our patient. 

It has been suggested that an increase of 2 mm in 
balloon size is warranted if no clear waist is seen on 
the initial balloon inflation when a stenosis of a 
branch pulmonary artery is being dilated.’ This 
recommendation implies that the absence of a waist 
may predict unsuccessful dilatation. Because we 
thought that dilatation of the Waterston anastomosis 
in this case would be difficult to achieve, we chose to 
increase the balloon size by 4 mm and this resulted in 
overdilatation, with a final anastomosis diameter of 
about 80% of the inflated balloon diameter. In 
retrospect, it seems possible that despite the absence 
of a balloon waist our initial dilatation might have 
been successful. This experience prompts us to 
recommend detailed haemodynamic reappraisal and 
measurement of systemic arterial oxygen saturation 
after each balloon inflation irrespective of the 
radiographic appearances during balloon inflation. 

The absence of postmortem evidence of an 
increase in heart size in our patient is also of note 
Multiple thoracotomies may be followed by exten- 
sive mediastinal fibrosis, and the dense pericardial 
adhesions seen in this case may well have com 
promised the ability of the heart to dilate and increase 
its stroke volume to cope with a sudden increase in 
pulmonary blood flow. 
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An unusual presentation of right coronary artery 


fistula 


AZARIA JJ T REIN,* IDO YATSIV,t ARIE SIMCHA* 
From the * Division of Pediatric Cardiology, and the t Department of Pediatrics, Hadassah-Hebrew University 


Hospital, Jerusalem, Israel 


SUMMARY A four year old girl with infective endocarditis had unexplained facial swelling. Cross 
sectional echocardiography showed that a large right coronary artery fistula to the right atrium was 
obstructing the distal superior vena cava. The.diagnosis was confirmed by cardiac catheterisation 
and at operation. The child was symptom free one year after operation. 


Coronary artery fistula is a rare congenital heart 
lesion'? which is diagnosed in most instances in 


young patients who present with atypical murmur.” 


The definitive diagnosis relies on cardiac catheterisa- 
tion although several cases diagnosed by cross 
sectional echocardiography have been reported 
recently. - 

The haemodynamic complications of a coronary 
artery fistula are usually related to an important left 
to right shunt, ischaemic heart disease (caused by 
coronary artery steal), or accelerated atherosclerosis 
(in the older patient). Infective endocarditis, throm- 
bosis, and rupture of the fistula may occur. In rare 
instances the fistula may obstruct one of the cardiac 
vessels or cavities. We report a rare case of a right 
coronary artery fistula that caused obstruction of the 
superior vena cava. 


Case report 


A four year old girl with no previous cardiac symp- 
toms was referred with fever, lethargy, arthralgia, 
and episodes of facial swelling that had started six 
months before admission to hospital. On examina- 
tion she was well developed, blood pressure was 90/ 
50 mm Hg, the pulse was normal with a rate of 100 
beats per minute, and her face was swollen. There 
was finger clubbing. A diffuse cardiac apex was felt at 
the sixth intercostal space in the anterior axillary line. 
Heart sounds were: normal. A 2/6 continuous mur- 
mur was heard over the right sternal border and a 3/6 
early diastolic murmur was detected over the aortic 
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valve area. The liver and spleen were enlarged (6 and 
10 cm respectively below costal margin). The bio- 
chemical and haematological laboratory results were 
within normal limits; the erythrocyte sedimentation 
rate was 35 mm in the first hour. The electrocar- 
diogram and chest x ray were normal. The clinical 
diagnosis of infective endocarditis with aortic valve 
regurgitation was supported by finding viridans 
streptococci in multiple blood cultures. 

Cross sectional echocardiography (Diasonic CV 
400,3 5 MHz transducer) showed a 5 mm vegetation 
on the right coronary cusp and Doppler echo- 
cardiography showed mild aortic regurgitation. The 
unexpected finding of a very dilated proximal right 
coronary artery (14 mm in diameter) raised the 
suspicion of a coronary artery pathology. The origin 
of the left coronary artery from the aorta was well 
visualised. From the subcostal short and long axis 
views a large right sinus of Valsalva was seen and a 
dilated proximal right coronary artery could be 
followed. It started from a normally located ostium 
and ran conventionally in the right anterior atrio- 
ventricular groove. At Doppler examination tur- 
bulent flow was found above.the aortic valve in the 
right sinus of Valsalva, From the second third of the 
right coronary artery, just distal to the origin of the 
acute marginal branch, a fistula was seen running 
posteriorly toward the superoposterior portion of the 
interatrial septum (sinus venosus area) and ending 
over the right aspect of the interatrial septum as a 
distal spherical aneurysm (fig 1). . 

Doppler examination around the aneurysm 
showed high velocity turbulent flow but the exact 
location ‘of the communication with the right atrium 
could not be visualised. T'he entrance of the superior 
vena cava into the right atrium was very narrow (2 
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Fig 1 


Subcostal short axis echocardiogram and diagram 
showing the pathway of the right coronary fistula and the 
aneurysm in the right atrium. SVC, superior vena cava; F, 
fistula; RV, right ventricle; RA, right atrium; LA, left 
atrium; IVC, inferior vena cava, 


mm) because it was compressed by the dilated fistula. 
There was no sign of right ventricular volume or 
pressure overload. 

Cardiac catheterisation was undertaken to confirm 
the anatomical diagnosis. Special attention was paid 
to the distribution of the branches of the right 
coronary artery (fig 2). No left to right shunt was 
detected by measurements of oxygen saturation; 
none the less, contrast injection in the proximal right 
coronary artery showed mild opacification of the 
right atrium, ventricle, and pulmonary artery. The 
pathway of the fistula was confirmed by selective 
injection into the right coronary artery. Small mar- 
ginal branches were visualised as they branched from 
the dilated right coronary artery. The superior vena 
cava could not be entered from the right atrium. A 
digital subtraction angiography was then performed 
by injecting 4 ml of contrast material in the right 
external jugular vein. A near total obstruction of the 
distal superior vena cava was shown; a very small 
amount of contrast material directly entered the right 
atrium from the superior vena cava while most of the 
contrast material drained into a dilated azygos vein 
towards anastomoses with the inferior vena cava. 

Operation confirmed the anatomical diagnosis and 
the patient had ligation of the fistula and patch 
augmentation of the distal superior vena cava. She 
was symptom free a year after operation. 


Discussion 


A congenital coronary artery fistula is a rare anomaly. 
It was found in 1 out of 50,000 children with 
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Fig 2 
projection showing the large right coronary artery and the 
fistula ( F) ending in an aneurysm (A). There is slight 
opacification of the left ventricle (LV) owing to aortic 
regurgitation. Ao, ascending aorta. 


Supravalvar aortogram in left anterior oblique 


congenital heart disease." Several groups have 
shown that cross sectional echocardiography shows 
the anatomy of the fistula, its pathway, and its 
correlation to adjacent structures.** Moreover, the 
haemodynamic effects of the fistula can be studied by 
Doppler echocardiography, which can detect a 
fistula-to-cavity shunt and estimate the shunt ratio 
In this child the detailed pathway of the fistula, its 
connection to adjacent cardiac structures, and a 
restrictive left to right shunt were shown. In fact, the 
main reason for undertaking cardiac catheterisation 
was to ascertain the branching of the right coronary 
artery—a feature that was not shown by cross sec 
tional echocardiography. Infective endocarditis 1s 
not often associated with coronary artery fistulas, but 
there are several published reports of such cases 
The dilatation of the right sinus of Valsava with the 
turbulent flow across the aortic valve that we saw in 
our patient might have enabled bacterial colonisation 
over the right coronary cusp. The compression of th« 
superior vena cava by the aneurysm in the right 
atrium in our patient is unusual and to our knowledge 
has not been described before. 

This case shows that a coronary artery fistula may 
present obstruction of the superior vena cava 
Although the fistula and its pathway were easily 
diagnosed by cross sectional echocardiographv, car 
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diac catheterisation was needed to show the course 
and anatomy of the affected coronary artery. The 
defect was etd at operation with excellent 
results. 
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Proceedings of the British Cardiac Society 


THE 67TH ANNUAL GENERAL MEETING of the British 
Cardiac Society was held at the Belfast City Hospital 
on Wednesday and Thursday, 23 and 24 March1988. 
The President, E Sowton, took the Chair during 
private business. R H Swanton succeeded D J 
Coltart as Secretary, P J Oldershaw was elected 
Assistant Secretary, and R W F Campbell was elec- 
ted to Council on the retirement of D J Rowlands. 


Deaths during the year: C W C Bain, CE Drew, RE 
B Hudson, A Hunter, O Kerr, C Symons, Helen 
Taussig. 


New Ordinary Members 1988: N J Archer (Oxford); 
E J Baker (London); S G Ball (Leeds); J Beattie 
(Birmingham); S Campbell (Oxford); K S Channer 
(Bristol); R Collins (Oxford); J E Creamer (Man- 
chester); A D Cunningham (London) A Davies 
(Middlesbrough); D W Davies (London); Heather 
M Dunn (Londonderry); A E Evans (Belfast); IN 
Findlay (Glasgow); E Jane Flint (W Midlands); M 
George (N Devon); A H Gershlick (London); B A 
Gould (Bristol); W J Grabau (Norfolk); L Guvendik 
(London); A M Heagerty (Leicester); R S Hornung 
(Glasgow); Patricia J Lowry (Birmingham); J M 
McLenachan (Glasgow); Jennie M. Metcalfe (Lon- 
don); P Nihoyannopoulos (London) J E F Pohl 
(Leicester); Julia M Polak (London); P M Schofield 
(Liverpool); M Signy (London); W C S Smith 
(Dundee) L B Tan (Oxford); Ann C Tweddel 
(Glasgow); G I Verney (Cambridge); S C Webb 
(London); D A Wood (Southampton). 


New Honorary Members: W Nelligan (USA); A 
Selzer (USA). 


New Corresponding Members: 8 Furman (USA); M 
Kyriakidis (Greece). 
New Overseas Member: Carole A Warnes (USA). 


During the meeting the scientific sessions were held 
under the chairmanship of D Boyle and the following 
are abstracts of the papers that were presented. 


Preliminary use of a dynamic rotating tip 
catheter for recanalisation of occluded vessels 


MR Rees, A Gehani, P Thorley, D Richens 
Cardiac Research Unit, Killingbeck Hospital, Leeds 


Dynamic angioplasty (Kensey catheter) is a new 
treatment for vascular disease. The system consists 
of a French 8 catheter with a motor driven rotating 
cam at its tip that is capable of speeds of 90 000 rpm. 
The catheter has an inner lumen for the drive shaft 
and a fluid channel. The fluid is pumped through the 
catheter as a fine jet that is directed radically by the 
spinning of the cam. The rotating tip and the fluid 
jet abrade atheroma and calcified plaque but do 
not affect elastic tissue. We report the first use of 
this in the United Kingdom in five men with 
occlusive peripheral disease (four femoral/popliteal 
occlusions, one iliac occlusion), in whom con- 
ventional angioplasty had been unsuccessful. All 
five patients have showed significant clinical 
improvement after dynamic angioplasty. Two 
patients had complete occlusions recanalised with 
dynamic angioplasty (11 cm and 16 cm occlusions). 
One patient had recanalisation with a combination of 
dynamic and conventional angioplasty; the other two 
patients had partial recanalisation. In one patient a 
distal embolus developed eight h after the procedure; 
this was successfully treated with local streptokinase. 
Doppler pressures were measured before and after 
the procedure in four patients. and showed 
improvement. In three of these patients clinical and 
Doppler improvements were confirmed by mea- 
surement of limb blood flow by radionuclide angio- 


graphy. 


Immediate and long term follow up after 
percutaneous transluminal coronary 
angioplasty: comparison of stable-and 
unstable angina pectoris 


K J Beatt, O Kamp, P W Serruys, P J de Feyter, H 
Suryapranata, G R Sutherland 

Thoraxcentre, Erasmus University, Rotterdam, The 
Netherlands 


The clinical outcome of the first 896 consecutive 
patients (1000 lesions) who had percutaneous trans- 
luminal coronary balloon angioplasty (PTCA) 
between September 1980 and November 1985 was 
assessed. PTCA was performed in 530 patients who 
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presented with stable angina pectoris (group 1) and 
in 366 with unstable angina pectoris (group 2). Fol- 
low up data were assessed at three different times: 
within 24 hours of the procedure, within six months, 
and at the last available follow up (mean 2-1 years) 
after the procedure. Twenty six per cent of the pro- 
cedures were done before the introduction of the 
steerable guiding systems in February 1983. There 
was no difference in the primary success rate (group 
1 83%, group 2 87%) nor in the annual mortality 
rate, which was approximately 2% per year for both 
groups. In the group with unstable angina pectoris 
(group 2) the incidence of acute myocardial 
infarction within the first 24 hours was higher (9% 
versus 4%) and this differerice persisted at the six 
month and long term follow up examinations. There 
was also an increased rate of coronary bypass surgery 
in group 2 at both six month and long term follow up 
(17% vs 13%, and 21% vs 15% respectively). There 
was no difference in frequency of repeat PTCA. At 
six month follow up 71% of group 1 and 72% of 
group 2 were event free in terms of death, myocardial 
infarction, coronary bypass surgery, and repeat 
PTCA. At long term follow up the percentages were 
69% and 61% respectively. 


What factors predict recurrent restenosis 
after coronary balloon angioplasty? 


J J Glazier, T R Varrichione, N A Ruocco, 

Alice Jacobs, T J Ryan, D P Faxon 

Section of Cardiology, University Hospital, Boston, 
Massachusetts, USA 


Restenosis after percutaneous transluminal coronary 
angioplasty (PTCA) has been much investigated, 
but scant attention has been paid to those patients 
who have recurrent (>2) restenoses of their initial 
lesions. To determine the frequency of recurrent 
restenosis after PTCA and the factors that may pre- 
dict this occurrence we examined the records of 1011 
patients undérgoing PTCA in our centre from 1 
March 1980 to 1 June 1987. Of these patients, 262 
(26%) had a single restenosis of one or more of their 
initial lesions and 38 (3-8%) had recurrent 
restenosis. We selected a random sample of 125 
patients (group A) from among those patients with a 
single restenosis and compared their characteristics 
with those of the 38 patients with recurrent 
restenosis after PTCA (group B). There was no 
significant difference between the two groups for age 
and sex distribution, angina state, clinical 
presentation at the time of angioplasty, frequency of 
coronary risk factors, and coronary angiographic fea- 
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tures. Univariate analysis of procedural factors 
showed that important predictors of recurrent 
restenosis were a greater number of inflations (6:3 
(3-9) (mean (SD)) in group B patients and 4-9 (2-7) 
in group A; p < 0-01) and a shorter balloon inflation 
time (50 seconds (mean) in group B and 64 seconds 
(mean) in group A; p < 0-06). Neither the maximum 
balloon inflation pressure nor the balloon size pre- 
dicted recurrent restenosis. 

"These data indicate that the recurrent restenosis 
rate after angioplasty is low and may be reduced by 
careful attention to procedural details, in particular, 
by use of fewer but longer inflations. 


Assessment of regional wall motion 
abnormalities during coronary angioplasty by 
an algorithm of coronary artery shortening: 
correlation with changes in regional blood 
flow and myocardial metabolism 


R A Perry, P F Wankling, A Seth, A Hunt, 
S CH Smith, Faith Westwood, J A Newell, 
M F Shiu 

University Department of Cardiology, Queen 
Elizabeth Hospital, Edgbaston, Birmingham 


Balloon occlusion during coronary angioplasty 
causes ischaemia of the myocardium distal to the 
balloon and induces abnormalities of left ventricular 
wall motion. Assessment of this regional contractile 
dysfunction during balloon occlusion is difficult. We 
have previously used shortening of the coronary 
artery branch junction as a measure of myocardial 
contractior. and have now studied changes during 
angioplasty using a computer assisted algorithm for 
sequential frame tracking of branching points. We 
studied 12 men undergoing elective angioplasty to 
the left anterior descending artery. In addition to 
measurements of great cardiac vein flow (GCVF), 
myocardial oxygen consumption (MVo,), and lac- 
tate production (LER) the distal arterial lumen was 
imaged during the last 10 s of a 60 s balloon inflation 
by injecting dilute contrast through the distal bal- 
loon lumen. The relative maximal percentage short- 
ening of septal branching points through a cardiac 
cycle during the second balloon inflation was com- 
pared with control films. Arteriograms were digi- 
tised on an Olivetti M24 PC and a semiautomatic 
tracking program was used to enter branching points 
on sequential frames. The mean percentage end 
diastolic to end systolic branch shortening during 
control films was 17 (9)%. This was significantly 
lower during balloon occlusion 5 (10)% (p « 
0-0001). There was also a significant fall in GCVF 
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(106 (87 to 76 (58) ml/min; p « 0-02), MVo, (119 
(4:2) to 9 9 (40), p < 0-05), and LER (70 (52) to 
6 (15); p < 0-02). There was a significant correlation 
between the reduction in branch shortening and the 
changes in GCVF, MVo,, and LER (r = 0:6, 
p < 002). 

Shortening of the coronary artery branch junction 
is a simple and easily repeatable measurement for 
assessing regional wall motion during angioplasty. 
There is a significant correlation between these 


observed wall motion abnormalities and the reduc-,, 


tion in regional flow and changes in regional metab- 
olism induced by balloon occlusion. 


Angioplasty of total coronary occlusions: 
improved success rates with the use of a wire 
splinting technique 


A Seth, R A Perry, A Hunt, M F Shiu 
University Department of Cardiology, Queen 
. Elizabeth Hospital, Edgbaston, Birmingham 


For chronic total coronary artery occlusion 
recanalisation by percutaneous transluminal coro- 
nary angioplasty (PTCA) is increasingly considered. 
The conventional technique is to explore and cross 
the occluded segment with the soft steerable wire 
and to attempt balloon passage across the lesion only 
if it can be crossed with a wire. The success rate of 
PTCA of total coronary occlusions is significantly 
lower than that of non-occluded vessels and the fail- 
ures are the result of the inability of the soft flexible 
tip of steerable wire to cross the occlusion. We have 
developed a new technique of splinting the floppy tip 


of the steerable wire with the balloon catheter which’ * 


permits crossing and successful dilatation of a higher 
proportion of chronic total occlusions. PTCA’ was 
performed on 46 totally occluded coronary arteries 
in a series of 354 elective PTCA procedures. Pro- 
cedures for acute myocardial infarction are excluded 
from’ this series. Successful dilatation leading to 
revascularisation was achieved in 68% (31/46). 
'There were no major complications. Duration of 
occlusion was less than two months in 20 patients 
(group 1), 2-6 months in 11 (group 2), and more than 
six months in 15 (group 3). The success rate 
decreased with duration of occlusion: 80% in group 
1, 73% in group 2, and 46% in group 3. Until June 
1986 only the conventional] technique was used 
(period A) and after June 1986 the **wire splinting 
. technique" was applied if the conventional tech- 

nique .failed. Twenty total occlusions were 

attempted in period A and 26 in period B. Though 

the success rates for occlusions of less than two 
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months’ duration in the two periods were not 
significantly different, the success rates for longer 
standing occlusions (more than two months) were 
3/10 in period A vs 12/16 in period B (p < 0:05). 
The wire splinting technique is safe and led to a 
higher rate of successful revascularisation of long- 


- standing total coronary occlusions than the currently 


published series. These, results also have impli- 
cations for the design of balloon catheters. 


Laser coronary angioplasty under direct 
vision 


D Richens, J Brookes, M R Rees 
Cardiac Research Unit, Killingbeck Hospital, Leeds 


We have developed a system of angioscopy that uses 
a 2:5 mm flexible angioscope with a working channel 
for laser angioplasty. The angioscope has an integral 
coherent optical bundle for visualisation and two 
working channels. A 400 um glass fibre is inserted 
into one channel and is used for illumination. The 
other channel is for saline flushing. The 400 um fibre 
can be attached to an Nd-Y AG laser for illumination 
by the helium-neon aiming beam. The fibre can be 
manoeuvred into position by extending it from the 
end of the angioscope once the target has been visu- 
alised. It therefore has a dual role—illumination and 
transmission of laser energy. À video will be shown 
of the angioscope being used to create a laser channel 
through a stenosis in the right coronary artery of a 
postmortem heart. 


Coronary artery surgery in the elderly is 
effective in the relief of angina 


J M Morgan, H H Gray, J C Clague, D G Gibson 
Brompton Hospital, London 


Financial constraints may prevent older patients 
from being considered for coronary artery bypass 
grafting (CABG). CABG was performed on 315 
elderly patients (244 men, age 65—79, mean 68 years) 
between 1981 and 1986. All patients had limiung 
angina; 38% had rest pain and 80% had triple vessel 
disease. There was no impairment of left ventricular 
function in 46%, mild impairment in 20%, moderate 
umpairment in 2394, and severe impairment in 10% 
of patients. Grafts (saphenous vein or internal mam- 
mary artery) were inserted into three vessels (5295), 
four vessels (42%), five vessels (6%), and six vessels 
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(0-595). Operative mortality ( « 24 hours) was 1:694 
and.a further 3:295 of patients died later during the 
same admission. Seventy per cent of patients who 
died had moderate or severe left ventricular 
impairment before operation. Surgical compli- 
cations included myocardial infarction (8%), 
transient cerebrovascular ischaemia (5%), cere- 
brovascular accident (1%), transient renal dys- 
function (4%), chest infection (10%), and wound 
infection (4%). Median stay on the intensive care 
unit was one day and median total hospital stay was 
12 days. Two hundred and ninety nine patients sur- 
vived to leave hospital and follow up data are avail- 
able for 217 (72%) of them. Ninety six per cent were 
subjectively improved by operation; 88% were free 
of angina off all antianginal drugs a median of 72 
weeks (range 8-207) after operation and 8% were not 
limited by angina on medical treatment a median of 
85 weeks (range 9-302) after operation. 

We conclude that CABG is an effective treatment 
in the elderly. Its risks, complications, and mor- 
bidity compared favourably with those of hip 
replacement. 


Minor changes in QRS configuration during 
unstable angina: evidence for recurrent 
myocardial “micro-infarctions”? 


D C Russell, D P de Bono 
Cardiovascular Research Unit, Department of 
Medicine, University of Edinburgh 


Myocardial '"*micro-infarctions" can follow periph- 
era] microthromboembolism during unstable 
angina; their frequency is, however, unknown. Sim- 
ilar size lesions in animals cause minor distortion of 
QRS configuration on high-fidelity recordings. To 
determine whether such changes occur in man we 
compared QRS configurations in high-fidelity vec- 
torcardiograms recorded aver three successive days 
from 24 patients with unstable angina of recent onset 
(without evidence of infarction on 12 lead electro- 
cardiograms) and 20 patients with stable angina on 
effort. High resolution QRS complexes were derived 
by signal averaging of unfiltered Frank lead vec- 
torcardiograms in duplicate over 100 beats by use of 
a trolley mounted microcomputer system with 1 
KHz sampling frequency and 12 bit resolution. 
Minor distortions of QRS configuration were quan- 
titated from “counts” of inflections of the derived 
instantaneous spatial velocity of the QRS vector loop 
(that is ./ ((dx/dt)? + (dY/dt? + (dZjdt)?). 
Inflection “counts” ranged from 5 to 27 in individual 
patients and were highly reproducible in duplicate 
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recordings (r = 0-99). The initial distribution of 
inflection "counts" was similar in the groups with 
stable and unstable angina (16-7 (3:8) os 15-6 (4-8) 
"counts"). Over the three successive days, however, 
8/24 (33%) of patients with unstable angina showed 
either loss of spatial velocity inflections or appear- 
ance of new inflections outside the ranges seen in 
stable angina (mean A “counts” 2-9 (2:9) vs 0:7 (0-9) 
p < 0:01). 

Results suggest that minor changes in QRS 
configuration consistent with the development of 
minor areas of myocardial infarction or “micro- 
infarction" may be detectable in about one third of 
cases of unstable angina. 


Distribution of receptors for calcitonin gene 
related peptide (CGRP)—a potent 
vasodilator—in human and guinea pig heart 


M O Coupe, Judith Mak, P J Barnes, M Yacoub, 
P J Oldershaw 

Cardiothoracic Institute, Brompton Hospital, 
London 


The factors which control coronary artery tone are 
incompletely understood but is likely that several 
recently described peptides have a role. One such 
peptide, CGRP, is a potent vasodilator that has been 
shown by immunohistochemistry to be abundant in 
nerves around coronary arteries and is also found in 
the circulation. CGRP acts on specific receptors 
located on smooth muscle. Using autoradiographic 
techniques we have demonstrated the receptor for 
CGRP in both guinea pig heart and human heart 
removed at transplantation and have compared the 
distribution of these receptors in various cardiac tis- 
sues. Human cardiac tissue was removed from three 
patients undergoing transplantation for end stage 
ischaemic disease. The receptor density in various 
areas of the heart was compared by counting the 
binding sites (BS) in 12 separate highly magnified 
areas from each region studied. In the guinea pig 
heart the concentration of receptors (> 250 BS/1000 
ym?) in the major coronary arteries and veins was 
high. Lower concentrations (50-150 BS/1000 um?) 
were found on arterioles, great vessels, and endo- 
cardium and no receptors were detected on myo- 
cardium or stroma. Similar values were found in 
human tissue. In a single atheromatous artery the 
concentration of CGRP receptors resembled that of 
a normal artery from the same patient but in a 
thrombosed vessel the concentration was consid- 
erably reduced. 

This technique permits localised changes in 
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receptor function to be studied in situ and it showed 
that specific receptors for CGRP occurred in large 
numbers in the coronary arteries. This evidence may 
support a role for CGRP in regulation of coronary 
tone although further studies are necessary. 


Sustained activation of cardiac sympathetic 
tone in unstable and post-infarction angina 


A J McCance, J C Forfar 
Department of Cardiovascular Medicine, John 
Radcliffe Hospital, Headington, Oxford 


The cardiac sympathetic nervous system has a pro- 
found effect on the susceptibility of the ischaemic 
myocardium to serious ventricular arrhythmias, and 
alterations in cardiac autonomic tone have been 
implicated in sudden ischaemic cardiac death. We 
used 1-[?H] noradrenaline (NA) kinetics to evaluate 
sympathetic activity in 20 patients with ischaemic 
heart disease: 10 with recent (<12 weeks) unstable 
or post-infarction angina (group U) and 10 with 
chronic stable angina (group S). Plasma NA (333 
(64) pg/ml in group U, 210 (30) pg/ml in group S) 
and whole body NA spillover (375 (56) ng/min in 
group U, 286 (23) ng/min in group S) tended to be 
higher in group U but not significantly so. In con- 
trast, coronary sinus NA (515 (117) pg/ml in group 
U, 171 (24) pg/ml in group S, p < 0-001) was 
increased in the patients with unstable angina. Car- 
diac NA spillover, which reflects cardiac sym- 
pathetic tone, was also greatly increased in the 
patients with unstable angina (24 5 (6:9) ng/min in 
group U, 6-1 (1:3) ng/min in group S, p < 0-001). 
Coronary sinus plasma flow and cardiac NA clear- 
ance were similar in both groups. 

'This study shows that patients with unstable 
ischaemic symptoms, who are known to be at 
increased risk of sudden cardiac death, have evidence 
of a sustained and specific increase in cardiac efferent 
sympathetic tone. This supports the theory that 
sympathetic overactivity is an important factor in 
causing serious ventricular arrhythmias in ischaemic 
heart disease. 


Do the investigation for and treatment of 
oesophageal abnormalities improve the 
outcome of patients with angina pectoris, 
normal coronary angiograms, and normal left 
ventricular function? 


P M Schofield, N H Brooks 
Regional Cardiac Centre, Wythenshawe Hospital, 
Manchester 


A postal questionnaire was used to assess the symp-- -- 
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toms, use of medical facilities, and employment state 
of patients with angina pectoris and normal coronary 
angiograms after cardiac catheterisation. In a retro- 
spective study of 187 patients, 66 had left ventricular 
dysfunction (LVD) shown by abnormal regional 
wall motion and 121 had normal left ventricular 
function (NLV). At follow up 12-46 months after 
catheterisation 89% of patients with LVD and 82% 
of those with NLV continued to experience chest 
pain. There was no significant change in the rate of 
admission to hospital because of chest pain or in the 
proportion of patients who were working after 
compared with before catheterisation in either 
group. In a prospective study of 63 patients detailed 
investigation of oesophageal function was per- 
formed. Twenty two patients had LVD. Most of the 
41 patients with NLC had oesophageal abnormal- 
ities (gastro-oesophageal reflux or oesophageal dys- 
motility, or both), which were treated appropriately. 
At follow up 6-24 months after catheterisation 
significantly fewer patients with NLV than patients 
with LVD continued to experience chest pain (67% 
v 90%, respectively; p « 0-05). The rate of admis- 
sion to hospital fell significantly after catheterisation 
in patients with NLV (mean 0-068 (SD 0-076) to 
0-008 (0 022) admissions/month; p « 0-01) but not 
in those with LVD (0-065 (0-077) to 0-047 (0-047) 
admissions/month). The proportion of patients 
working after catheterisation 1ncreased significantly 
in those with NLV (from 49% to 74%; p « 0-05) but 
not in those with LVD (from 52% to 48%). 

The findings suggest that investigation for and 
treatment of oesophageal abnormalities improves the 
symptoms and employment state of patients with 
angina pectoris, normal coronary arteries, and NLV 
and reduces their use of medical facilities. 


Free radical generation during pacing induced 
myocardial ischaemia 


K G Oldroyd, M Chopra, J J F Belch, S M Cobbe 
University Department of Medical Cardiology, 
Royal Infirmary, Glasgow 


Free radical generation occurs in experimental mod- 
els of myocardial 1schaemia and reperfusion and may 
cause cellular damage by peroxidation of membrane 
phospholipids. To determine whether free radical 
generation occurs during transient myocardial 
ischaemia in man we measured aortic and coronary 
sinus concentrations of malondialdehyde (MOA), an 
end product of lipid peroxidation. Twenty two 
patients (16 male) undergoing diagnostic coronary 
arteriography were studied during incremental atrial 


606 


(or ventricular) pacing until the development of 
severe chest pain, a2 mm ST segment depression, or 
a paced rate of 180 beats/min. Group 1 (n = 11) 
produced lactate during pacing, whereas group 2 (n 
= 11) continued to extract lactate throughout the 
study. All patients in group 1 and four in group 2 had 
coronary artery disease. Coronary sinus MOA values 
(median (interquartile range)) in group 1 were 
significantly increased from baseline at peak pacing 
rate (0:116 (0-112 to 0-126) v 0-120 (0 117 to 0 134); 
p = 0:035); at 30 seconds after pacing (0-129 (0-115 
to 0-131); p = 0:032); and at 5 minutes (0-134 (0-126 
to 0:143); p = 0-036). No differences with pacing 
were observed in the coronary sinus MOA values in 
group 2 or in the aortic MOA values in either group. 

These results suggest that intramyocardial free 
radical generation occurs during transient myo- 
cardial ischaemia in man. 


Relative efficacy of various physical 
manoeuvres in termination of re-entrant 
supraventricular tachycardias 


D Mehta, K Channer, I Crozier, M Griffith, 
D E Ward, A J Camm 
St George's Hospital Medical School, London 


Physical manoeuvres are often attempted to termi- 
nate supraventricular tachycardia (SVT). We stud- 
ied the relative efficacy of four different manoeuvres 
in terminating induced SVT and related the findings 
to the changes in heart rate caused by the manoeu- 
vres in sinus rhythm. Twenty five patients (16 men) 
of mean age 36 years (range 16-69) with mducible 
SVT were studied. SVT was initiated by pro- 
grammed stimulation. The response to right and left 
carotid sinus massage for 5 s each, face immersion in 
water at 5~19°C, and the Valsalva manoeuvre (VM) 
for 15 s (blowing at pressure of 35 mm Hg) were 
measured with continuous electrocardiographic 
recording at 50 mm/s during both sinus rhythm and 
SVT. If SVT was terminated it was reinitiated and 
the manoeuvre repeated two times to evaluate con- 
sistency. VM. was most successful in terminating 
SVT (13 out of 25), especially when the patients 
were supine (13 out of 25 compared with two out of 
25 standing; p « 0-001). Right carotid massage was 
effective in four patients, left carotid sinus massage 
in one, and face immersion in three. VM was more 
effective in younger patients (median — 29 years 
(16—44) v 44 years (17-69) conversions and non- 
conversions, respectively, p < 0-02) and in atrio- 
ventricular tachycardia (12 out of 18) compared with 
atrioventricular nodal tachycardia (one out of seven; 


Proceedings of the British Cardiac Society 


p « 0:03). During sinus rhythm the RR interval 
increment expressed as a ratio was greatest with the 
VM (1-74 (0-38)) and progressively less with face 
immersion (1:26 (0:27); p « 0-001 when compared 
with VM), right carotid massage (1:25 (0-32), and 
left carotid massage (1-1 (0-17)). The VM ratio was 
higher in those in whom the manoeuvre successfully 
terminated SVT (1-88 (0-39) v 1 58 (0-32); p < 0-06). 

In conclusion, VM was the most successful phys- 
ical manoeuvre in terminating induced re-entrant 
SVT. It was more commonly effective in younger 
patients and in those with atrioventricular re-entrant 
tachycardia. The heart rate response to the VM dur- 
ing sinus rhythm related weakly to its effectiveness in 
terminating SVT. 


Identification of major arrhythmias by 
retrospective patient activated monitor after 
negative conventional Holter recordings 


J C P Crick, Jayne Morris-Thurgood 
Royal Postgraduate Medical School, Hammersmith 
Hospital, London 


The problem of identifying (or excluding) a cardiac 
arrhythmia as the cause of transient symptoms has 
not been solved by 24 hour Holter electro- 
cardiographic tape recordings (HTR) except in those 
patients in whom the episodes are frequent enough 
to occur during the recording. Moreover, asymp- 
tomatic arrhythmias detected on H'TR may be 
treated, often without relieving the symptoms and 
sometimes leading to complications. A new alterna- 
tive, the retrospective patient activated monitor 
(RPAM), can be used continuously for two weeks or 
longer if the battery is changed. The electro- 
cardiogram (ECG) is stored in digital form by con- 
tinuously overwriting a circular solid state memory. 
"This stops after the device is activated by the patient 
80 that 150 seconds of retrospective and 10 seconds 
of prospective ECG is saved and can be replayed on 
a standard ECG machine. We have used RPAM on 
27 patients in whom HTR had failed to capture a 
symptomatic episode. In 10 patients no attack 
occurred during 2-8 weeks of investigation. In six 
patients the typical symptoms were associated with 
normal sinus rhythm, mild sinus tachycardia (up to 
120 beats/min), or appropriate VDD (atrial syn- 
chronous) pacing. In a further five patients minor 
arrhythmias (atrial or ventricular extrasystoles) were 
recorded that required no treatment apart from reas- 
surance. Major arrhythmias were identified in six 
patients: sinus arrest or severe bradycardia, or both, 
in two; paroxysmal supraventricular tachycardia in 
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three; and ventricular tachycardia in one. Repeat 
studies were performed in five patients: in two 
because the lead or electrode, or both, had become 
disconnected; 1n one because of inadvertent activa- 
tion; and in three because the attacks were consid- 
ered to-be not quite typical. In all five patients the 
second result was the same. Diagnostic information 
was thus gained in 17 out of 27 patients (63%). 
We conclude that the RPAM is a valuable tool and 
may displace HTR as the primary investigation for 
patients with suspected paroxysmal arrhythmia. 


Rapid exhaustion of atrial natriuretic peptide 
during sustained tachycardia 


KP Walsh, T D M Williams, E Pitts, S L Lightman, 
R Sutton 
Westminster Hospital, London 


To assess the ability of the atria to maintain raised 
plasma concentrations of atrial natriuretic peptide 
(ANP), the temporal changes in plasma ANP con- 
centrations were studied during four hours of sus- 
tained rapid cardiac pacing in seven dogs 
anaesthetised with chloralose. Heart rate 1ncreased 
from (mean (SEM)) 124 (26) to 278 (28) beats/min 
during the four hours of rapid cardiac pacing. At 
30 minutes pulmonary wedge pressure increased 
from:3-6 (1 8) to 17 4 (7-1) mm Hg (p < 0-01) and 
mean right atrial pressure rose from — 1-7 (1-9) to 
2-0 (2:8 mm Hg (p < 0-01). Both pressures 
remained constant at these raised values for the 
entire 240 minutes of rapid pacing. Arterial ANP 
concentrations increased from 87 (11) pmol/l to a 
maximum of 1263 (592) pmol/l at 30 minutes (p < 
0-01), falling to 411 (42) pmol/l after 60 minutes and 
146 (70) pmol/l after 240 minutes of rapid con- 
tinuous pacing (p « 0 01 compared with value at 30 
minutes) Coronary sinus ANP concentrations 
showed a similar pattern, rising from 241 (79) to a 
maximum of 1837 (203) pmol/l after 30 minutes 
(p < 0-01). These peak values likewise were not 
sustained, falling to 962 (198) pmol/l after 60 
minutes and 297 (41) pmol/l after 240 minutes of 
rapid pacing (p « 0-01 compared with value at 30 
minutes). 

We conclude that atria are unable to maintain the 
peak concentrations of ANP reached after 30 
minutes of rapid pacing despite persistently raised 
atrial pressures. Sudden sustained increases of atrial 
pressure, as occur during acute myocardial 
infarction, may rapidly exhaust stores of ANP with 
the loss of its natriuretic, vasodilator, and renin 
inhibiting actions. 
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Successful treatment of supraventricular 
tachycardia with an antitachycardia 
pacemaker: European results with Orthocor II 


C J Burrell, P J Hollander, M T Rothman 
The London Hospital and Cordis Europa, The 
Netherlands 


As part of a prospective study conducted at 10 Euro- 
pean evaluation centres, 24 patients (6 men, 18 
women; age 35-78 years) with resistant supra- 
ventricular tachycardia (SVT) were treated with 
Orthocor II, an implantable antitachycardia device 
with additional “on board” Holter and non-invasive 
electrophysiological facilities. Devices were 
implanted between June 1984 and January 1987 after 
full electrophysiological study, with at least 20 
tachycardia inductions and terminations by electro- 
stimulation. Tachycardia was also repeatedly ini- 
tiated and terminated automatically by the pace- 
maker before discharge. Data for these procedures 
and for up to 24 months’ follow up were collected. 
Mechanism of SVT was atrioventricular nodal re- 
entry in eight patients, Wolff-Parkinson-White syn- 
drome in four, accessory bypass tract in four, and not 
further specified in eight. Rate of SVT was 130-240 
(mean 181) beats/min with an estimated 1-300 (mean 
5:3) occurrences a week. Endocardial lead position 
was atrial in 21 patients and ventricular in three. 
Tachycardia recognition criteria were 4-15 (mean 
6:3) beats counted, at 120—180 (mean 145) beats/min. 
The automatic antitachycardia mechanism selected 
was burst rate scanning (20 patients) and automatic 
burst (one), with 1-10 (mean 5 9) extrastimuli used. 
Automatic overdrive was used in the remaining three 
patients. After implantation, the duration of tachy- 
cardia was reduced from 5-500 (mean 126) minutes 
to 6-130 (mean 31) seconds. The patient's condition 
was judged to have improved in 18 out of 24 (not 
specified in the six others), with drug treatment 
being reduced or eliminated in 17 (not specified in 
five patients). Discriminating sinus tachycardia from 
SVT was a problem in one patient with a low rate of 
tachycardia. No episodes of acceleration of tachy- 
cardia were reported; there were no explantations 
and no pacemaker related deaths. 

This study confirms that implantable anti- 
tachycardia pacemakers provide a highly effective 
means of treating resistant SVT and that Orthocor II 
is itself a safe and reliable device. 


Does the site of origin of ventricular 
tachycardia predict the presence of late 
potentials? 


M J Griffith, D Mehta, A J Camm 
St George’s Hospital Medical School, London 
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In 20-40% of patients with inducible ventricular 
tachycardia (VT) no late potentials are detected in 
sinus rhythm. This may be owing to the early activa- 
tion of the VT origin in sinus rhythm and the late 
potentials being hidden. This study examines 
whether the site of origin of the tachycardia, as deter- 
mined by its axis and morphology, is associated with 
the detection of late potentials. Thirty two patients 
(mean age 54 years) with VT were studied. Patients 
with bundle branch block (BBB) in sinus rhythm 
were excluded. Late potentials were recorded in 
sinus rhythm with the standard Simpson technique 
using orthogonal leads (X, Y, and Z). A test was 
positive if the filtered QRS was greater than 120 ms 
or the root mean square of the last 40 ms was less 
than 25 uV, or both. Late potentials were detected in 
10 out of 16 patients with ischaemic heart disease, 
seven out of 14 with morphologically normal hearts, 
and one of the two patients with congestive cardio- 
myopathy. Late potentials were present in eight out 
of 17 patients with left BBB pattern VT and 10 out 
of 15 with right BBB pattern VT. Multiple mor- 
phologies were present in eight patients, four of 
whom had late potentials. None of these differences 
approached significance, but 11 out of 13 patients 
with a superior axis and six out of 17 with an inferior 
axis during VT had late potentials (p < 0-01). Both 
axes were present in two patients, one of whom had 
late potentials. This pattern persisted when the 
patients with and without ischaemic heart disease 
were analysed separately, though it only remained 
significant for patients with ischaemic heart disease 
(p < 0-05). . 

To conclude, this study shows that patients with 
an inferior axis during VT, especially if they have 
ischaemic heart disease, are much less likely to have 
late potentials detected in sinus rhythm. This sug- 
gests that the site of origin of VT, whether superior 
or inferior, is important in determining the presence 
of late potentials. 


Relative relevance of right and left ventricular 
biopsies in patients with ventricular 
tachycardia and clinically normal hearts 


D Mehta, J R Dawson, D E Ward, M J Davies, 
AJ Camm 
St George’s Hospital Medical School, London 


A proportion of patients (10-15%) with ventricular 
tachycardia (VT) have clinically normal hearts. It 
has been suggested that endomyocardial biopsy may 
help to identify the underlying pathological process 
in such patients. Although right ventricular (RV) 


C ats 
^ qu es 
d nA as Lio S "m 
DI DNE 


Proceedings of the British Cardiac Society 


and left ventricular. (LV) biopsies are usually per- 
formed, both procedures are associated with an un- 
measurable risk. We have examined the relative rele- 
vance of performing RV and LV biopsies in patients 
with VT and clinically nermal hearts. Twenty two 
patients (15 men, median age 45 years (range 19—70)) 
with documented VT were studied. The results of a 
chest x ray film, the QTc interval, left ventricular 
wall motion from angiography, and coronary arteries 
were normal in all patients. The configuration of the 
clinical VT was left bundle branch block pattern in 
16 patients, right bundle branch block pattern in 
four, multiform in one, and indeterminate in one. 
Biopsy specimens were obtained by means of a Cor- 
dis bioptome, and an attempt was-made to obtain 
three specimens from each ventricle. They were 
reviewed by a pathologist unaware of the 
configuration of the VT. The average number of 
biopsies was 2-6 from the right and 2-7 from the left 
ventricle. Nine patients (4095) showed abnormalities 
in the RV biopsy specimens, seven of the nine also 
showing abnormalities in the LV biopsy specimens 
No patient showed abnormalities in the L'V biopsy 
specimen alone. 'T'he pathological findings from light 
microscopy were non-specific and included endo- 
cardial thickening; subendocardial interstitial and 
perivascular fibrosis; and cellular hypertrophy, atro- 
phy, and vacuolation. Of the four patients with 
RBBB configuration of VT, three showed no abnor- 
mality in both biopsy specimens, and one showed 
abnormalities in both RV and LV biopsy specimens. 

We conclude that a substantial proportion (40%) 
of patients with V'T' and clinically normal hearts 
show abnormalities in endomyocardial biopsy speci- 
mens and that LV biopsy in this group of patients 
confers little more information than that which can 
be obtained from RV biopsy. 


Preoperative and intraoperative colour flow 
mapping in the definition of high velocity 
continuous shunting in the heart 


G R Sutherland, J R T C Roelandt 
Thoraxcenter Academic Hospital-Rotterdam 
Dijkzigt, The Netherlands, and Southampton 
General Hospital 


Continuous high velocity intracardiac shunting of 
blood is a comparatively rare finding in cardiology. 
Physical examination, duplex scanning, and angio- 
graphy are all likely to give suboptimal information 
in such cases. Potentially, colour flow mapping 
(CFM) can determine the origin and extension of 
such a disturbance of flow by encoding turbulence, 
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thus providing optimal diagnostic information in 
these complex lesions. Eighteen patients (seven ven- 
tricular septal defect/aortic regurgitation; five 
acquired Gerbode defects; two coronary sinus 
fistulas; four coronary artery/right heart commu- 
nications) were studied. Seventeen patients had cor- 
relaüve angiography and 12 had had subsequent 
surgical confirmation of the defect. Cross sectional 
echocardiography alone showed the morphology in 
only seven patients, Continuous wave Doppler 
recorded high velocity continuous flow in all 18. 
Pulsed Doppler subsequently failed to predict the 
exact nature of the intracardiac shunt in nine 
patients. In contrast, CFM correctly defined the 
nature of the complex flow disturbance in all 18 
patients (multilevel shunts being clearly shown in 13 
patients in whom this was present) Angiography 
failed to adequately define the precise nature of the 
shunt in nine out of seventeen patients, being 
notably poor in distinguishing ventricular septal 
defect/aortic regurgitation from coronary sinus 
fistulas. Of the 12 patients undergoing corrective 
surgery, five had intraoperative CFM studies carried 
out to confirm the repair of the defect. In every 
patient surgical repair was shown to be effective by 
the absence of a significant residual flow disturbance. 
We conclude that CEM is the investigative tech- 
nique of choice in defining complex high velocity 
continuous intracardiac shunts and for tbe intra- 
operative assessment of their repair. 


Improved ultrasound diagnosis of coarctation 
with colour Doppler flow mapping 


M K Lim, A B Houston, W B Doig, E N Coleman, 
M P G Jamieson, J C S Pollock 
Royal Hospital for Sick Children, Glasgow 


A duplex echo/Doppler system with colour Doppler 
flow mapping (CDFM) (Vingmed CFM 500) was 
used to determine the site and nature of the lesion in 
a consecutive series of 26 patients (seven newborns, 
four older infants, 15 older children) who presented 
with coarctation of the aorta and were being referred 
for operation. The site was clearly shown in 10 of the 
11 infants but in only eight of the 15 older patients. 
CDFM showed increased velocity at the site of the 
coarctation in 24 of the 26 patients. In patients aged 
less than 1 week the increased velocity was usually 
from flow into the descending aorta through the 
ductus and not the coarttation site; in patients in 
whom the coarctation had already been shown 
CDFM confirmed the site; and in four of the most 
recent patients, in whom coarctation was not clearly 
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shown, the superimposition of the colour display on 
the ultrasonographic image allowed the position and 
nature of the lesion to be appreciated and surgery to 
be undertaken without catheterisation. 

CDFM adds considerably to the diagnostic capa- 
bility of ultrasonography in coarctation of the aorta 
and obviates the need for angiography in many 
patients in whom imaging echocardiography fails to 
delineate the exact site and nature of the lesion. 


Indium-111 labelled monoclonal antimyosin 
antibody for the localisation of transmural 
myocardial infarction 


RD Levy, June Elstob, M N Wiseman, C Sponzilli, 
R Sobnack, D S Dymond 
St Bartholomew's Hospital, London 


The role of indium-111 labelled monoclonal anti- 
myosin antibody antigen (AMA) binding fragment 
in localising myocardial necrosis was assessed 1n 13 
patients with transmural myocardial infarction, 
eight of whom had received intravenous strep- 
tokinase. AMA was injected within 48 hours after 
the onset of chest pain. Images were obtained at 24 
and 48 hours in three projections, and uptake of 
AMA was graded in intensity (0-4) by two indepen- 
dent observers. In all patients the images correlated 
with the site of Q waves on the electrocardiogram. 
Four images showed more widespread myocardial 
necrosis than indicated on the electrocardiogram. 
Eleven 1:mages showed no change in extent or 
intensity between 24 and 48 hours. Three “dough- 
nut" images occurred with anterior myocardial 
infarction. The eight patients who received strep- 
tokinase (one million units intravenously) within 4 
hours of the onset of pain nevertheless developed 
transmural myocardial infarction by electro- 
cardiographic criteria. The image grade for those 
receiving streptokinase (mean 3-1 (SD 0:6) v 2:2 
(0 4); p < 0-05) was greater than for those who did 
not. In a further five patients with chest pain, normal 
cardiac enzyme activities, and normal results from 
serial electrocardiograms the AMA images were 
negative. There were no adverse effects from injec- 
tion of AMA. 

In conclusion, AMA is an effective agent for local- 
ising myocardial infarction and in some patients 
indicates the presence of myocardial necrosis beyond 
the electrocardiographic changes. In those patients 
with a myocardial infarction despite receiving strep- 
tokinase the areas of myocardial necrosis produced 
more intense uptake of AMA. AMA images were 
clearly interpretable and provided a new way of 
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assessing the 
infarction. 


site and extent of myocardial 


Magnetic resonance imaging of coarctation of 
the aorta in infants 


E J Baker, Victoria Ayton, M A Smith, M J Tynan 
Guy’s Hospital, London 


The aortic arch was studied in eight infants (aged 5 
days to 10 months) with coarctation of the aorta by 
magnetic resonance imaging. A 1:5 Tesla, high field 
strength, imaging system was used. Infants were 
positioned inside the adult head coil and multiple, 
simultaneous, 5 mm thick sections were acquired, 
which were gated by the electrocardiogram. A spin 
echo sequence was used. The imaging plane was, if 
necessary, oblique to standard planes of the body. 
Imaging was successful in every infant. Sedation 
with chloral hydrate was required in most of the 
infants. The area of narrowing was imaged in at least 
two, and usually three, planes in each infant. The 
relation of the coarctation to the left, or in one infant 
the right, subclavian artery was clearly shown, as was 
the aortic isthmus. All patients have subsequently 
undergone operative correction and the diagnosis 
confirmed. In a further four infants coarctation was 
suspected clinically and not excluded by cross sec- 
tional and Doppler echocardiography, but it was 
excluding by magnetic resonance imaging. 
Magnetic resonance imaging is an important 


advance in the non-invasive imaging of aortic" 


coarctation. 


Acute effects of disopyramide, mexiletine, and 
flecainide in patients with impaired 
ventricular function assessed by nuclear 


angiography 


J E Creamer, J L Caplin, M N Wiseman, 
Lorraine Dyke, A W Nathan, D S Dymond 
St Bartholomew’s Hospital, London 


Antiarrhythmic drugs may precipitate cardiac fail- 
ure in patients with severely compromised ventricu- 
lar function. Many patients with arrhythmias have 
moderately reduced cardiac function. To assess the 
acute effects of class 1 antiarrhythmic drugs on car- 
diac function in patients with impaired left ventricu- 
lar function we performed a double blind crossover 
study on.nine men and one woman (mean age-57 
years). All 10 of them had suffered myocardial 
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infarction and arrhythmias and four had coronary 
artery bypass surgery. First pass radionuclide ven- 
triculography was performed with either gold-195 m 
or technetium-99m before and after each drug. Dis- 
opyramide, mexiletine, and flecainide, 1-5 mg/kg, 
were given to each patient by intravenous infusion in 
random order on three separate occasions. Electro- 
cardiograms and blood pressure were monitored 
throughout each study. Mean resting left ventricular 
ejection fraction (LVEF) was 37-0 (7-7) (range 
27-48%). After disopyramide mean LVEF was 
reduced to 29-0 (7:2) (p < 0-01 compared with con- 
trol); after mexiletine it was 33-3 (7-4) (p « 0-05) and 
after flecainide 31-6 (9-6 (p < 0-025). In the three 
patients with initial LVEF values of less than 30% 
the fall in LVEF was similar in magnitude after each 
drug. No drug had any significant effect on heart rate 
or blood pressure, and no patient developed overt 
heart failure. Mean serum concentrations of the 
drugs were disopyramide, 3-3 (0-7) mg/l; flecainide, 
288 (132) ug/l; and mexiletine, 0-31 (0-29) mg/l. 

Thus disopyramide and flecainide produce a simi- 
lar reduction in resting LVEF values, whereas mex- 
iletine has a significant but less pronounced effect 
with the same dose. 


Can pulsed Doppler replace direct 
measurement of left ventricular end diastolic 
pressure? 


D F Ettles, Jane Allen, G J Williams 
Non-invasive ünit, Killingbeck Hospital, Leeds 


It has been claimed that simple measurements from 
pulsed Doppler recordings of left ventricular (LV) 
diastolic filling allow accurate and reliable estimates 
of left ventricular end diastolic pressure (L'VEDP). 
This has important implications for acute coronary . 
care, where decisions about treatment are often 
based on indirect pressure measurements. Simulta- 
neous pulsed Doppler recordings of left ventricular 
pressure and diastolic inflow velocities were made in 
32 patients with ischaemic heart disease. A multi- 
channel recorder provided superimposed pressure, 
pulsed Doppler, electrocardiogram, and phono- 
cardiogram traces, which allowed accurate timing 
and unambiguous identification of the events in each 
diastolic period. Micromanometer tipped catheters 
were initially used to calibrate the fluid filled pres- 
sure recording system. The range of LVEDP was 
7-25 mm Hg. Computer assisted analysis of the 
Doppler flow patterns showed no correlation 
between the early (E) or late (A) diastolic flow veloc- 
ity peaks or the E to A ratio (range 0-27-1-9) with the 
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simultaneously recorded LVEDP. A weak positive - 


correlation was found, however, between the mean 
deceleration from the peak initial velocity and the 
LVEDP (r = 0:51). Although characteristic abnor- 
malities of left ventricular filling are detected by 
pulsed Doppler recording in ischaemic heart disease, 
they do not relate in a simple quantifiable way to 
LVEDP, which in itself correlates poorly with other 
indices of impaired ventricular function. 

Pulsed Doppler recording of left ventricular filling 
as an isolated measurement does not provide a 
clinically useful alternative to direct pressure 
measurement in patients with ischaemic heart 
disease. 


Follow up of patients after balloon dilatation 
of the aortic valve 


D P Moore, K McDonald, P A Crean, B J Maurer, 
GF 
Royal City of Dublin Hospital, Dublin, Ireland 


The long term outcome of balloon dilatation of the 
aortic valve (BAV) for aortic stenosis is uncertain, 
the development of symptomatic restenosis being a 
significant hazard. We followed up nine patients in 
whom BAV had been performed for relief of severe 
aortic stenosis for up to one year (mean nine months) 
using Doppler velocity measurements to assess aor- 
tic valve gradient. All patients had acquired aortic 
stenosis. Two patients had bicuspid aortic valve, one 
rheumatic aortic stenosis, and six senile calcific aor- 
tic stenosis. Mean transvalvar gradient at BAV was 
reduced from 80 mm Hg (range 50-120) to 51 mm 
Hg (range 20-70). Non-invasive follow up assess- 
ment of aortic gradient was made at six weeks and 
repeated at up to 12 months after BAV. Mean gra- 
dient at six weeks was 46 mm Hg (range 30-70) and 
at six months 50 mm Hg (range 35-80). Before BAV 
all patients were in New York Heart Association 
(NYHA) class III or IV. After BAV all patients 
reported improvement in symptoms with 
improvement in the NYHA class from IV to II in 
two patients, from III to II in three, and from II to 
I in four. Symptomatic improvement was sustained 
at follow up, but one patient deteriorated from class 
II to III. 

We conclude that BAV, although primarily a pal- 
liative procedure in patients with critical aortic 
stenosis and unacceptable surgical risk, offers the 
prospect of sustained benefit in this group. 
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. Controlled clinical trial of prednisolone in 


treatment of 240 patients with tuberculous 
pericardial effusion 


J I G Strang, H H S Kakaza, D G Gibson, 

D J Girling, A J Nunn, W Fox 

Umtata Hospital, Transkei, South Africa; 
Department of Cardiology and MRC 
Cardiothoracic Epidemiology Group, Brompton 
Hospital, London 


Tuberculous pericarditis is common in Transkei. To 
assess the effect of steroids as an adjunct to ann - TB 
treatment in pericardial effusion 240 patients with 
active effusion were randomised. All received the 
same six months course of anti- TB treatment. Those 
willing and suitable were randomised either to open 
drainage on admission or to closed pen- 
cardiocentesis as required, which was also performed 
as necessary in those unsuitable for open drainage. 
All patients were allocated to receive either pred- 
nisolone or matching placebo for the first 11 weeks of 
treatment. Mycobacterium tuberculosis was cultured 
from pericardial fluid in 57% of 188 patients, and 
characteristic histology was present in biopsy 
specimens of 72% of 33 patients. As assessed at 24 
months, complete drainage on admission abolished 
the need for subsequent pericardiocentesis (p < 
0-01) but did not diminish the risk of death or the 
need for subsequent pericardectomy for con- 
striction. Among patients who did not have drainage 
on admission, two out of 76 3%) given steroids, died 
of pericarditis compared with 10 out of 74 (14%) 
given placebo (p « 0-04); six (8%) and eight (11%) 


.required pericardectomy, six (8%) and 17 (23%, 


p < 0:02) pericardiocentesis, and one (195) and six 
(8%) open surgical dramage respectively. Open 
drainage on admission did not influence favourable 
state at 24 months, but 73 of the 76 (96%) patients 
given steroids had a favourable status compared with 
62 (84%) given placebo (p « 0:03). 

Itis therefore recommended that in the absence of 
specific contraindication, anti- TB treatment should 
be supplemented initially by corticosteroids in the 
treatment of tuberculous pericardial effusion. 


Captopril has a direct negative inotropic effect 
on isolated myocardium 


-J M Walker, S M Bryant, S Westaby 


John Radcliffe Hospital, Oxford 


Angiotensin converting enzyme inhibitors (ACE) 
have been successful in the treatment of heart failure 
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and are under investigation for use 1n myocardial 
infarction. Not all the actions of ACE inhibitors can 
be explained by their effect on circulating angio- 
tensin II. Isolated strips of human right atrial muscle 
(H), obtained from patients undergoing cardio- 
pulmonary bypass surgery, and guinea pig papillary 
muscles (GP) were mounted to contract iso- 
metrically at 1 Hz in physiological solution at 37°C. 
'These were exposed to incremental doses of cap- 
topril of 100-800 ng/ml. A dose related negative 
inotropic action was detected (isometric tension with 
800 ng captopril as proportion of control in H, 54 
(14)% (n = 5); GP, 48 (12)% (n = 7)). The negative 
inotropic effects of 800 ng captopril were attenuated 
by 2:5 uM adrenaline (H, 62 (20)% (n = 3); GP, 72 
(12)% (n = 5)). In both human and animal muscles 
atenolol (2 pg/ml) did not affect the negative 
inotropic action of captopril. À considerable effect 
on the recirculation fraction was observed when cap- 
topril was added to muscles superfused with adrenal- 
ine, which suggested an antiadrenergic effect. The 
recirculation fraction reflects myocardial inotropic 
state and is consistently increased by adrenaline (H, 
0-63 (0-11) to 0-98 (0-21) (n = 3); GP, 0-46 (0-13) to 
0-94 (0-30) (n = 5)). At the lowest doses of captopril 
investigated (100 ng/ml) the increase in the 
recirculation fraction produced by adrenaline was 
reversed (H, 0-56 (0-10); GP, 0-67 (0-14). 

These results show that captopril has a direct, 
non-beta receptor mediated antiadrenergic effect on 
human myocardium. The mechanism of this action 
remains to be explained. 


Analysis of left ventricular function during 
follow up after intravenous streptokinase 
treatment of myocardial infarction 


S G Richardson, Patricia Morton, J G Murtagh, 
ME Scott, D B O’Keeffe 

Cardiac Unit, Belfast City Hospital, Belfast, 
Northern Ireland 


Thrombolytic treatment during early acute myo- 
cardial infarction results in an early improvement in 
left ventricular function. In this study the long term 
effects of thrombolysis on left ventricular function 
were examined. Serial measurements of cardiac 
function were made on 64 patients treated with 
streptokinase (1:5 million units intravenously). Two 
groups of patients were followed up. Group 1 com- 
prised 45 patients who received standard medical 
treatment after thrombolysis: twenty eight had an 
open and 17 a closed infarct related coronary artery 
at postinfarct angiography. Baseline and follow up 
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radionuclide ventriculograms were examined at a 
mean 2:4 weeks and 11 9 months after treatment, 
respectively. Patients with anterior infarction and an 
open artery had a better baseline ejection fraction in 
the region of the infarct than those with a closed 
artery (34:195 (SD13) v 246% (10). This initial 
benefit was lost at follow up (29:99; (10) v 30:7% 
(14)). No difference in regional ejection fraction was 
observed in patients with inferior infarction. Group 
2 consisted of 19 patients who had successful reper- 
fusion followed by percutaneous transluminal coro- 
nary angioplasty to a lesion of the infarct artery 
(mean stenosis 71:595 (7)). Contrast ventricu- 
lography was performed at baseline (6-4 (2) days) 
and follow up (16-7 (6) months) to evaluate a regional 
wall motion index. In 10 patients with anterior 
infarction regional akinesis decreased from 76-3 (84) 
to 34-3 (68) at follow up. No decrease in akinesis was 
seen with inferior infarction. 

"These data suggest that coronary reperfusion pro- 
duces its main functional benefit in patients with 
anterior infarction. This improvement is maintained 
during follow up in patients who receive per- 
cutaneous transluminal coronary angioplasty but 
may be lost in patients who are followed by con- 
ventional medical treatment. 


Balloon dilatation for pulmonary stenosis 
in older patients 


N H Murray, R Muthusamy, Norah Hudson, 
M J Goldberg 

Regional Cardiac Unit, Groby Road Hospital, 
Leicester 


Percutaneous balloon dilatation of the pulmonary 
valve (PBPV) was performed on four older patients 
(three men, age range 56—70 years) with congenital 
pulmonary valve stenosis, All patients presented 
with dyspnoea (New York Heart Association grade 
III) including one patient with cardiac tamponade 
from a pericardial effusion which was relieved before 
PBPV. All patients had pulmonary systolic 
murmurs. Two patients also had ostium secundum 
atrial septal defects, and one had a membranous ven- 
tricular septal defect, although no shunts were 
Shown on oximetry. PBPV was performed with a 
single 18 mm or 20 mm balloon and was well 
tolerated and free of complications. The transvalvar 
gradient fell from a mean (SD) of 79 (14 1) to 25 
(10-8) mm Hg (p « 0:01) At three months all 
patients were symptom free and the mean trans- 
valvar gradient was 28 (11-5) mm Hg. No increased 
shunt was shown by oximetry in those patients with 
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septal defects. One patient was thought to have 
restenosed and underwent repeat PBPV. On review 
he showed infundibular stenosis with a gradient of 
60 mm Hg across the right ventricular body to 
pulmonary artery but a transvalvar gradient of only 
30 mm Hg, which had not improved by repeat 
PBPV. 

PBPV is a well tolerated and effective treatment 
for pulmonary valve stenosis even in older patients 
and avoids the necessity for  thoractomy. 
Infundibular stenosis should be excluded before the 
technique is performed. 


Long sheath technique for percutaneous 
balloon dilatation of the aortic valve 


K J Beatt, P W Serruys, C de Mario, P J de Feyter, 
M van den Brand, G R Sutherland 

Thoraxcentre, Erasmus University, Rotterdam, 
The Netherlands 


Anterograde percutaneous balloon dilatation of the 
aortic valve is conventionally performed without the 
aid of an intra-arterial sheath. The procedure is time 
‘consuming if multiple balloons are used and is asso- 
ciated with a significant rate of complications in 
peripheral vessels. We assessed the use of a new 100 
cm 16:5 French sheath designed specifically for use 
with aortic balloon dilatations in nine consecutive 
patients and compared the results with those 
obtained by the conventional technique in the pre- 
vious 18 consecutive patients. With the long sheath 
technique the procedure was shorter; mean duration 
113 minutes v 211 minutes (p < 0:05). The sheath 
was able to accommodate the largest balloon sizes (3 
x 12mm), and the balloons could be positioned with 
ease. In addition, the sheath was able to effectively 
splint the balloon in the valve orifice during inflation, 
avoiding the potentially dangerous to and fro 
motion. There were no fundamental differences in 
the haemodynamic results between the two groups. 
In the 18 patients in whom the conventional tech- 
nique was performed, three required operative inter- 
ventions for complications at the puncture site (two 
for the repair of pseudoaneurysms and one to allow 
removal of a balloon remnant) and two additional 
patients required blood transfusions for bleeding at 
the puncture site. There was no vascular compli- 
cations in the long sheath group. 

These preliminary results suggest that the long 
sheath is a valuable aid to percutaneous balloon 
dilatation of the aortic valve in that it reduces both 
the time of the procedure and the rate of compli- 
cations in peripheral arteries. 
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Preparation of human saphenous vein for 
coronary artery bypass grafting impairs its 
capacity to release endothelium derived 
relaxing factor 


G D Angelini, M I Christie, A J Bryan, M Lewis 
Departments of Cardiac Surgery and Pharmacology, 
University Hospital of Wales, Cardiff 


Intraoperative damage to saphenous vein grafts may 
contribute to both their early and late occlusion, and 
platelet activation may be involved in both pro- 
cesses. We investigated whether routine surgical 
preparation of saphenous vein led to impaired release 
of endothelium derived relaxing factor (EDRF), 
which would favour adhesion and activation of plate- 
lets. Veins were perfused at 23°C at 2 ml/min and 
bradykinin (107 9M) stimulated release of EDRF 
into the perfusate was measured by its ability to relax 
a preconstricted (5-hydroxytryptamine 3 x 10 5M) 
de-endothelialised porcine coronary artery. The 
maximum relaxation (expressed as a percentage of 
preconstricted tone) induced by stimulated release of 
EDRF was 60 (SEM 15%) (n = 5) in freshly isolated 
vein obtained by a no touch technique as soon as 
possible after the first incision and stored in hepa- 
rinised blood for up to 60 minutes. It was 19 3%) 
(n = 11) in vein obtained at the end of the surgical 
procedure (surgicaly prepared vein) (p « 001). 
Relaxation induced by EDRF from freshly isolated 
vein that had been stored for 80-160 minutes 
declined to 25 (595) (n = 6), which was similar to 
that induced by EDRF from surgically prepared 
vein. 

This study shows that routine surgical preparation 
reduced the capacity of the human saphenous vein to 
release EDRF. It also suggests that prolonged stor- 
age in heparinised blood may contribute to this 
inhibition. 


Clinical experience with a minute ventilation 
sensing rate responsive pacemaker 


C P Lau, A Antonio, M Drysdale, D E Ward, 

AJ Camm 

Department of Cardiological Sciences, St George’s 
Hospital Medical School, London 


Minute ventilation is linerly related to oxygen con- 
sumption and is used as an indicator to determine the 
rate in rate responsive pacing. The Meta pacemaker 
(Teletronics) senses minute ventilation by mea- 
suring thoracic impedance with a standard intra- 
venous bipolar pacing electrode. Programmable rate 
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responsive variables include rate limits (50-180 
beats/min) and slopes of rate response (1-60). This 
pacemaker was implanted in 11 patients (complete 
heart block in nine, sinoatrial disease in two) with a 
mean,age of 59 (SD 14) years. Programming was 
achieved with the help of suggested slopes during a 
submaximal exercise test (range of slopes pro- 
grammed, 16-25). Treadmill exercise with the Bruce 
protocol performed in the-rate responsive mode 
showed improvement in the duration of exercise over 
fixed rate pacing (608 (177) v 450 (128) s; p < 0-001). 
Cardiac output measured by continuous wave 
Doppler was improved by 44 (20)%. Appropriate 
rate responses to different workloads such as walking 
at different speeds and slopes were achieved. 
Ascending four flights of stairs resulted in a higher 
rate response than that on descending (110 (24) v 77 
(5); p « 0-01). With activities like walking, rate 
response occurred at 24 (16) s and half of the max- 
imum rate was attained in 92 (30) s. Voluntary effects 
on respiratory pattern can affect the pacing rate: talk- 
ing continuously during a three minute treadmill 
exercise attenuated the rate response (from 123 (26) 
to 96 (22) beats/min; p « 0:001) and coughing for 
ohe minute increased the pacing rate (87 (8) 
beats/min). 

It is concluded that the Meta pacemaker improves 
exercise capacity and cardiac output during exercise 
and its rate response is related to workload. Volun- 
tary interference modified the response but excessive 
rate acceleration was not encountered. 


Absent baroreceptor response in 
haemodialysed patients with chronic renal 
failure and good ventricular function 


Mary E Heber, F D 'Thompson, E B Raftery 
Cardiology Department, Northwick Park Hospital, 
Harrow, Middlesex, and Renal Unit, St Paul's 
Hospital, London 


Both autonomic and left ventricular dysfunction 
have been postulated as the cause of the serious 
hypotension that is a frequent complication of hae- 
modialysis (HD). In 10 patients with end stage 
chronic renal failure who were being maintained on 
HD blood pressure was monitored continuously by 
an intra-arterial ambulatory technique over 24 hours 
before HD and continuing during it. Autonomic 
function was tested with the Valsalva manoeuvre, 
and technetium-99m gated radionuclide ventricu- 
lography was performed at the beginning of the 24 
hour recording to assess left ventricular function. On 
the day of dialysis the ejection fraction was measured 
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immediately before HD and every 30 minutes during 
it. The day and night variations in blood pressure 
and heart rate were significantly reduced in nine of 
the patients with chronic renal failure (blood pres- 
sure 12/7 (8/6) mm Hg, heart rate 6 (4) beats/min) 
compared with a control population (blood pressure 
36/28 (10/5) mm Hg, heart rate 23 (9) beats/min) and 
all 10 patients had a classic “square wave" response 
to the Valsalva manoeuvre. Despite these indications 
of baroreceptor failure, which are usually seen in 
patients with severe cardiac failure, all 10 patients 
had a normal or high resting ejection fraction (mean 
66%, range 55-79% ) and peak filling rate (mean 3:1 
end diastolic volume, range 2-7 to 5:5). They experi- 
enced a progressive fall in blood pressure during HD 
(mean maximal fall 42/21 (15/11) mm Hg) but their 
heart rate rose little or not at all (4:5 (5) beats/min) 
despite the volume depletion and hypotension. Nor 
was there any significant fall in ejection fraction dur- 
ing dialysis. 

"These results suggest that hypotension during HD 
is caused by a failure of the baroreceptor response to 
volume depletion. There is, however, no evidence of 
left ventricular dysfunction due to a uraemic cardio- 
myopathy, as has been postulated. 


Why is atrioventricular block an ominous 
prognostic sign in myocardial infarction? 


K McDonald, R Conroy, K Robinson, R Mulcahy 
Cardiac Department, St Vincent’s Hospital, Dublin, 
Ireland 


Atrioventricular block is associated with a higher 
short term mortality in acute myocardial infarction, 
but it is not certain if this effect is independent of 
other prognostic factors such as infarct size. We- 
studied 705 successive patients admitted with a.first 
Q wave myocardial infarction, of which half were 
anterior, to determine the factors predisposing 
towards atrioventricular block and the relation of 
block to subsequent mortality. Second or third 
degree block developed in 61 (8-895) patients. It was 
commoner in inferior (12-495) than anterior (4-994) 
infarction. A multiple logistic regression identified 
three factors as being independently correlated with 
block: inferior infarction, older age, and higher peak 
creatinine kinase activities (all p< 0-01). Mortality 
was 9-3% in patients without block and 27-995 in 
those with block. Mortality was significantly higher 
in both anterior (47.095 v 11:895) and inferior 
(20-495 v 6-795) infarction. When age, peak cre- 
atinine kinase activity, infarct site, and block were 
analysed simultaneously as predictors of death block 
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was a significant independent prognostic factor, as 
were age and site, whereas peak creatinine kinase 
activity was not associated with death independently 
of the other three factors. The relative risk of death, 
corrected for age and creatinine kinase activity, was 
457 in anterior infarction and 45 ın inferior 
infarction. 

The relative increase in the risk of death associated 
with atrioventricular block is as large in inferior 
infarction as it 1s in anterior infarction. Its prognostic 
effect 1s independent of age and not due to its cor- 
relation with infarct size: even m a small inferior 
infarction block appears to be an ominous prognostic 
sign. 


Importance of stress testing in apical 
hypertrophic cardiomyopathy 


J M Neutel, J B Barlow, J King, D P Myburgh 
Department of Cardiology, University of the 
Witwatersrand, South Africa, and Institute for 
Aviation Medicine 


Apical hypertrophic cardiomyopathy (AHC) is a 
subgroup of hypertrophic cardiomyopathy charac- 
terised principally by unremarkable physical exam- 
ination and electrocardiographic changes that may 
simulate myocardial ischaemia or athlete’s heart. We 
studied 20 patients (mean age 50 years, range 24-76; 
13 men) with clinical and echocardiographic features 
of AHC. Six had giant negative T waves (more than 
10 mm) whereas 14 had T wave inversion ranging 
from 3-8 mm. Time course patterns of ST segment 
and T wave changes that occur with angiographically 
normal epicardial coronary arteries were shown. In 
nine patients the ST segment depression and T wave 
inversion improved immediately after exercise and 
returned to the pre-exercise appearances 3-5 
minutes after exercise. In another nine patients the 
ST and T wave changes worsened immediately after 
exercise but returned to control values 3-5 minutes 
after exercise. Neither of these time course patterns 
is compatible with ischaemia, but the former pattern 
is also encountered in athlete’s heart. Coronary arte- 
riography performed in 15 of the 18 patients yielded 
normal results. The remaining two patients showed 
a time course pattern associated with ischaemua in 
that the ST and T wave changes worsened immedi- 
ately after exercise and remained abnormal for 10-12 
minutes. Coronary angiography showed significant 
right coronary artery lesions in both patients. 

We conclude that stress testing can differentiate 
AHC from ischaemia and that coronary artery dis- 
ease associated with AHC may be detected. Evalu- 
ation of the postexercise time course patterns of ST 
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segment and T wave changes will also differentiate 
athlete’s heart from some cases of AHC. 


Development of a current based defibrillator 


S R Cunningham, G W N Dalzell, O Beggs, 

H Magee, J Anderson, A A J Adgey 

Regional Medical Cardiology Centre, Royal Victoria 
Hospital, Belfast, Northern Ireland 


As current rather than energy is considered the more 
important factor in successful defibrillanon we stud- 
ied 37 consecutive patients (29 men, eight women; 
mean age 60 (range 41-81 years)) with 41 cardiac 
arrests (ventricular fibrillation) who received a first 
shock of 200 J and if required a second of 200 J and 
then 360 J delivered thereafter to assess peak current 
(Ip) at defibrillation. With self adhesive pregelled 
12/12 cm pads in the anterior-anterior position a first 
shock of 200 J was successful in 33 of the 41 (81%) 
cardiac arrests and a first or second shock in 39 
(95%) (mean Ip for successful defibrillation, 32 (SD 
6:3) A (range 22-48); mean predicted transthoracic 
impedance (TT Ip) 70 (SD 16) Q (range 41-122 OQ). 
We then developed an Ip based defibrillator in which 
a microprocessor uses TTIp and preprogrammed 
defibrillator characteristics to estimate the energy 
required to produce a preselected Ip for each patient. 
We studied a further 45 consecutive patients (30 
men, 15 women; mean age 62 (range 19-81 years)) 
with 45 cardiac arrests where the first shock was 30 
A and if unsuccessful the second shock was 30 A and 
then 40 A if required. For safety, manual charging to 
the energy required was used. Component tolerance 
and operator variability led to small variations in Ip. 
A first shock of 30 A was successful in 36 of the 45 
(8095) cardiac arrests and a first or second shock was 
successful in 44 (98%) (mean Ip for successful 
defibrillation, 29 (SD 1 4) A (range 25-31); mean 
TTIp, 69 (SD 17) Q (range 38-104); and mean 
energy per shock was 154 (SD 66) J (range 63—304)). 
Thus the mean energy per shock of 154 J delivered 
using an Ip system was significantly less than using 
200 J (p < 0:001) and the mean Ip per successful 
shock was also reduced (29 A v 32 A; p < 0-05). 
First shock success, however, was not significantly 
different (80% v 81%). 


Mechanisms for the early mortality reduction 
produced by f blockade in acute myocardial 
infarction 


D G Julian, D A Chamberlain, E Sandee, J Kahrs, 
R Kala, R Henning, P Sleight, R Collins 
For ISIS-1 Collaborative Group 
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In the First International Study of Infarct Survival 
(ISIS-1)! the mortality was 15% lower in the group 
randomised to receive atenolol in the early hours 
after the onset of suspected myocardial infarction 
than in the control group. Àn unexpected finding on 
"retrospective analysis of the data was that this benefit 
was mainly confined to deaths during the first two 
days of treatment, there being little further div- 
ergence in the mortality of the two groups sub- 
sequently, To determine the mechanisms 
responsible for this reduction in mortality, the case 
notes of patients in the British Isles and Scandinavia 
who died during days 0-1 of the trial were seru- 
tinised. Adequate records were available for 193 of 
the 217 patients. Of the 79 patients given atenolol 
who died, necropsy confirmed rupture in five; a fur- 
ther 15 had electromechanical dissociation, but no 
necropsy had been performed. Comparable figures 
for the 114 patients in the control group were 17 and 
37. As rupture was probably responsible for most of 
the cases of electromechanical dissociation the 
difference in fatality in the two groups can largely be 
explained by this mechanism. Additional findings 
included a slightly higher frequency of fatal ventric- 
ular fibrillation and aortic dissection in the control 
group, and of bradycardia and asystole in the 
atenolol group. 
Limitation of infarct size and the prevention of 
reinfarction do not seem to have played a part in the 
reduced mortality 


!ISIS-I report Lancet 1986, 57-66. 


Changes in neutrophil activation and free 
radical activity after thrombolysis for 
myocardial infarction in man 


D Bell, M Jackson, R Dawkes, J Dawes, A L Muir 
Department of Medicine, Royal Infirmary of 
Edinburgh and MRC/Scottish National Blood 
'Transfusion Service Unit, Edinburgh 


Thrombolytic treatment after myocardial infarction 
is widely practised but reperfusion injury, with free 
radical production and amplification of the 
inflammatory response, remains a possibility. We 
previously showed increased free radical activity 
(non-peroxide diene conjugate of linoleic acid (octa- 
decadienoic acid)) and neutrophil activation with 
release of netrophil elastase in myocardial infarction. 
We have since measured these activities sequentially 
over 48 hours in 16 patients with acute infarction: 
eight who were given intravenous thrombolytic 
treatment (age 52:5 (13-4) years) and eight who were 
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treated conventionally (age 57-9 (11-9) years). Octa- 
decadienoic acid concentration increased in the 
thrombolytic (34-85 (4-46) umol/l; p « 0-001) and 
non-thrombolytic (30-79 (6-0) pmol/l; p < 0:01) 
groups compared with normal values (19-45 (1-09) 
and fell over the 48 hours. There was no difference 
between the two groups. Neutrophil elastase values 
increased above normal values (21-2 (2:0) ng/ml) in 
the thrombolytic (49-58 (8-41); p < 0-001) and non- 
thrombolytic (37:25 (9-76) ng/ml; p < 0-02) groups. 
The non-thrombolytic group showed a biphasic 
increase in neutrophil elastase values with a 
significant second peak at 40 hours (55-01 (8-89) 
ng/ml) that was not seen in the treated group (32-43 
(3°72) ng/ml; p < 0:05). The inflammatory response 
was imaged by indium-111 labelled autologous neu- 
trophils in a subgroup of these patients and seemed 
attenuated in the group receiving thrombolysis. 

Thrombolytic treatment within four hours after 
onset of symptoms is not associated with greater free 
radical induced damage and abolishes neutrophil 
activation in the second day after myocardial 
infarction, when neutrophils are normally present in 
the infarcted area. Reperfusion injury may therefore 
be a theoretical rather than an actual phenomenon. 


Early intervention in myocardial infarction 
with streptokinase at home and in accident 
and emergency department 


J Nicholas, J D S Higginson, D Boyle 
Coronary Care Unit, Ulster Hospital, Dundonald, 
Belfast, Northern Ireland 


The beneficial effect of intravenous streptokinase in 
acute myocardial infarction decreases with the delay 
between the onset of symptoms and intervention. 
We report our experience of streptokinase given at 
home, in the accident and emergency department, 
and in hospital (CCU). Between August 1985 and 
April 1986, 38 patients in the CCU received intra- 
venous streptokinase within four hours according to 
conventional criteria. Thereafter unit policy was to 
give intravenous streptokinase at home or in the acci- 
dent and emergency department when practicable. 
Since then, of 138 admissions, 43% received strep- 
tokinase at home, 24% in the accident and 
emergency department, and 33% in the CCU. Com- 
plications outside hospital were few: two patients 
had ventricular fibrillation, four transient hypo- 
tension, and one transient asytole; one patient bled 
from the forehead and another died in shock. Of 
patients given intravenous streptokinase outside 
hospital, two had ventricular fibrillation and one 
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haematemesis and one patient developed a saddle 
embolus in the CCU. The mean delay for patients 
given intravenous streptokinase at home was 104-5 
(SE 7:2) minutes, in the accident and emergency 
department 127-7 (8:97 minutes, and in the CCU 
165-4 (8-6) minutes ‘all differences significant). 
Seven patients given mtravenous streptokinase at 
home and three in the accident and emergency 
department would have been ineligible on delay cri- 
teria for such treatmen- in the CCU. 

Intravenous streptok nase given at home or in the 
accident and emergencr department is safe, reduces 
delay to 1ntervention bz up to one hour, and allows 
the treatment to be given to more patients. 


Kinetic changes in coagulation, fibrinolysis, 
and plasma viscosity associated with coronary 
artery reperfusion with tissue plasminogen 
activator in acute myocardial infarction 


K J Hogg, J M A Burns, J D Gemmill, F G Dunn, 
A P Rae, J T Douglas, G D O Lowe, W S Hillis 
Departments of Materia Medica and Cardiology, 
Stobhill General Hospi-al, Glasgow, and University 
Department of Medicine, Royal Infirmary, Glasgow 


Twenty one patients (15 men, six women, age range 
38-68) with acute myocardial infarction (<4 hours; 
13 anterior, eight inferior) received either placebo 
(n = 11) or 100 mg tssue plasminogen activator 
(rtPA) (n = 10) in a double blind randomised design. 
Serial samples were taken for profiles of creatine 
kinase (CK) release and at 0, 30, 45, 60, 90, 120, 180, 
and 240 minutes to measure serial changes in coagu- 
lation, viscosity, and fibrinolysis (with and without 
monoclonal antibody to rtPA (Ab). An early (12 
hours) peak in CK activity suggestive of reperfusion 
was seen in eight of the ten patients receiving rtPA 
and in only one of the 11 receiving placebo; mean 
values (SEM) 2852 (1246) iu/1 (rtPA), 1590 (1087) 
placebo at 12 hours and 2404 (1268) (rtPA), 2108 
(1045) placebo at 24 hours. Fibrinogen concen- 
tration fell within 30 m:nutes from 2:8 (0:3) g/l to a 
nadir at 45 mins of 1-1 (0-2) g/l (p « 0-01) and 
plasminogen values fell =rom 98-7% to 47% (8) at 30 
minutes. The addition cf Ab inhibited in vitro activ- 
ity reducing the fibrinogen fall from 3-2 (0-3) (t = 0) 
to 2-4 (0-4) at 30 minutes (p < 0:02) and plas- 
minogen from 47 (8) (rtPA) to 65 (9) (Ab) at 30 mins 
(p « 0:05). Plasma viscosity fell from 1:14 (0-02) m 
pasq.s to 1-09 (0-01) (p « 0-02) and was sustained for 
four hours. There were no changes in the placebo 
group. Fibrin clot lysis (D-dimer) showed initial 
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similar values (99 (45) mg/ml (rtPA), 114 (24) 
placebo; NS) but rose in the active group at 30 
minutes to 687 (166) (p « 0-01), which was sustained 
for four hours These results show that rtPA has a 
rapid onset of activity, a sustained firinolytic effect, 
and decreased plasma viscosity and is associated with 
an early high peak of CK release. Accurate mea- 
surement of in vivo fibrinolytic activity is obtained 
by the addition of Ab to blood samples for assay. 


Does chronic pre-infarction angina affect in 
hospital outcome in patients with a first acute 
coronary event? 


R Lyons, K Robinson, R Conroy, R Mulcahy 
Department of Preventive Cardiology, St Vincent's 
Hospital, Dublin, Ireland 


Several studies have reported an adverse short term 
prognosis after myocardial infarction associated with 
previous chronic angina of effort. To determine if 
this effect was independent of other prognostic fac- 
tors we studied 955 consecutive patients of all ages, 
of whom 329 (34-594) were women, 750 (78 5%) 
were admitted to coronary care with a first myo- 
cardial infarction, and 205 (21:595) were admitted to 
coronary care with an episode of unstable angina. À 
history of angina of effort dating at least three 
months before admission was present in 211 (22 1%) 
patients. These patients with previous angina were 
an average of 4-2 years older than those with no such 
history (p «0-001). They had higher cholesterol 
concentrations (p —0:016) and did not smoke as 
much (p « 0 001). The two groups did not differ in 
either the occurrence of hypertension or high density 
lipoprotein cholesterol concentrations. The mor- 
tality in hospital of patients with previous angina was 
123% whereas that of patients without previous 
angina was 7:7% ( p =0 036). Patients with previous 
angina also had a higher rate of heart failure and 
cardiogenic shock (28.995 v 22:295; p < 0-041). 
When multiple logistic regression was used to cor- 
rect for the difference in age between the two groups 
previous angina correlated neither with mortality (p 
< 0-289) nor with complications (p = 0 432). 
Patients with previous angina had smaller 
infarctions, as assessed by peak cardiac enzyme 
activities (p = 0-013), which may reflect better col- 
lateral circulation. 

We conclude that the reported adverse effect of 
previous angina on early prognosis after an acute 
coronary event results from the difference in age 
between those with and without angina. 
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Thrombolysis in acute myocardial infarction: 
why the delay? 


J € Wyatt, Lucy Dillistone, P A Emerson 
Westminster Hospital, London 


Interest in early thrombolysis for acute myocardial 
infarction (AMI) led us to conduct a prospective 
audit of delays occurring during the management of 
emergency patients with chest pain both in the acci- 
dent and emergency department of this teaching 
hospital and during transfer to the cardiac care unit 
(CCU). Over a period of 100 days 235 patients atten- 
ded the accident and emergency department with 
chest pain, but we excluded three who discharged 
themselves from the department and 45 in whom 
neither the time at which the doctor first saw them 
nor the time of leaving the department were recorded 
in the boxes available on the casualty card. As all 
intervals fell on a skewed distribution medians and 
ranges are given. The median delay between arrival 
at the accident and emergency department and first 
seeing a doctor was 32 (0-215) minutes for the 155 
patients for whom this measure was available. In 49 
of these patients who were brought by ambulance the 
delay was 17 (0—175) minutes, while in 18 who were 
later transferred to the CCU it was 11 (0—75) 
minutes. The median stay in the accident and 
emergency department (difference between arrival 
and departure times) was 78 (19-510) minutes for the 
126 patients in whom this measure was available. In 
22 patients who were transferred from the accident 
and emergency department to the CCU the median 
stay was also 78 (25—422) minutes. The median stay 
was related to the number of investigations per- 
formed (no electrocardiography or chest x ray, 48 
(19-133) minutes (n = 21) both electro- 
cardiography and chest x ray, 91 (33—510) minutes (n 
— ]0), and to different doctors (medians 66 to 91 
minutes). In a second study the median differences 
between the arrival of 29 consecutive patients with 
AMI or unstable angina at the accident and 
emergency department and their admission to the 
CCU was 115 (42—406) minutes. 

These timings raise questions about the manage- 
ment of patients with AMI in accident and 
emergency departments, the role of the CCU in early 
management of AMI, and the feasibility of early 
thrombolysis. 


Out of hospital resuscitation in Brighton 
1981-6 

Susan Lewis, E Quinn, G Miller, R Grainger, 
R Vincent, D A Chamberlain 

Royal Sussex County Hospital, Brighton 
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The resuscitation ambulances in Brighton practise a 
system of immediate care that depends wholly on 
ambulance crews who have received extended train- 
ing in a range of disciplines. From January 1981 to 
December 1986, 143 patients were successfully 
resuscitated from cardiac arrest out of hospital and 
survived to be discharged alive. Of these, 125 (87%) 
were victims of heart attacks or aborted sudden car- 
diac death. Seventeen patients (12%) suffered a pri- 
mary respiratory arrest, which was secondary to 
acute asthma in eight, pulmonary oedema in one, 
overdose in five, respiratory obstruction in two, and 
hanging in one. Hypovolaemia after having been 
stabbed was the cause of circulatory collapse in one 
patient. In 85 patients (59%) cardiorespiratory 
arrest preceded the arrival of the ambulance. Eighty 
three patients (58%) recovered after only basic life 
support manoeuvres and defibrillation. In 60 
patients (42%) additional advanced skills—namely, 
endotracheal intubation (52) and administration of 
drugs (eight)—were judged instrumental in achiev- 
ing a successful outcome. 

Instruction in basic life support and defibrillation 
deserves priority in extended training of ambulance 
crews because it can be achieved readily and saves 
lives. But many attempted resuscitations can be suc- 
cessful after prolonged cardiorespiratory arrest only 
when other techniques of advanced life support are 
available. Multidisciplinary training for ambulance 
crews is valuable and should be provided whenever 
possible. 


Do all patients receiving intravenous 
thrombolytic treatment require aggressive 
invasive management? 


] D S Higginson, J Nicholas, D Boyle 
Cardiology Department, Ulster Hospital, 
Dundonald, Belfast, Northern Ireland 


There is uncertainty about the need for aggressive 
investigation and management of patients with myo- 
cardial infarction (MI) after fibrinolytic treatment. 
Early invasive intervention is difficult in hospital 
without catheter laboratory facilities. Between 
August 1985 and July 1987, 170 patients with sus- 
pected MI were treated with intravenous strep- 
tokinase by this hospital's coronary care unit backed 
by a mobile unit. Catheterisation after treatment 
with streptokinase was performed acutely only on 
recurrence of chest pain or electively, depending on 
the patient's clinical and follow up treadmill electro- 
cardiographic results. Medical treatment included 
long term aspirin and beta blockade unless these 
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were contraindicated. Criteria for intravenous strep- 
tokinase 1ncluded a.delay from the onset of pain of 
four hours or less and ST segment elevation or con- 
siderable ST segment depression. Conventional 
contraindications applied. Q waves and clinical heart 
failure were not contraindications. Coronary arte- 
riography was carried out in 15% of patients, usually 
electively after the first outpatient review. Three per 
cent of patients had percutaneous transluminal coro- 
nary angioplasty and 3% bad coronary artery bypass 
graft. Some patients are currently awaiting either 
percutaneous transluminal coronary angioplasty or 
coronary artery bypass graft. The mortality at mean 
follow up over 12 months was 4-795, which is lower 
than expected from coronary prognostic index. 

Comparison with other centres advocating early 
invasive investigation with view to early per- 
cutaneous transluminal coronary angioplasty or 
coronary artery bypass graft is difficult as compara- 
bility of patients is impossible to establish. Our 
results suggest, however, that intravenous strep- 
tokinase followed by a conservative investigational 
approach is justified. Fibrinolytic treatment is 
appropriate in a district general hospital without 
catheter facilities. 


Balloon dilatation of the aortic valve for 
congenital aortic stenosis beyond infancy 


I D Sullivan, C Wren, H Bain, S Hunter, P G Rees, 
J FN Taylor, C Bull, J E Deanfield 

The Hospital for Sick Children, Great Ormond 
Street, London, and Freeman Hospital, Newcastle 
upon Tyne 


Experience in infants suggests that balloon dilatation 
of the aortic valve (BAV) can provide effective relief 
of aortic stenosis after the neonatal period. We 
attempted BAV as the primary procedure in 29 con- 
secutive children beyond infancy (aged 16 months to 
17 years, median 7 years) from June 1985 to Novem- 
ber 1987. On echocardiography, the aortic valve 
appeared to have three cusps in 20 (70%) patients, 
two cusps in eight (2794), and no commissures in one 
(3%). The aortic valve was crossed in all but one 
patient. In 28 patients the mean peak to peak systolic 
pressure gradients decreased from 72 (SD 31) to 31 
(20) mm Hg (p < 0-001). The reduction in gradient 
was 57%.: New aortic regurgitation occurred in 
seven patients (grade I in six, grade II in one) and 
was exacerbated (from grade I to II) in two out of six 
patients with pre-existing mild aortic regurgitation. 
There were no other complications apart from femo- 
ral artery occlusion in one (3%) patient who required 
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treatment with intravenous streptokinase. In 10 
patients who were restudied three to 14 months later 
there was no significant change in gradient from that 
immediately after BAV (48 (16) v 48 (22) mm Hg). 
The two patients with the highest residual gradient 
after BAV showed substantial improvement at 
restudy (70 to 42 mm Hg and, 70 to 40 mm. Hg), 
while the patent with the unicusp aortic valve 
showed an increase in gradient from 37 to 99 mm Hg 
over nine months and required aortic root replace- 
ment. Surgical valvotomy was performed in the child 
in whom the aortic valve could not be crossed, but no 
other patients underwent aortic valve operation 
'The short term results of BAV suggest that it 
offers safe alternative palliation to valvotomy. 


Cavopulmonary anastomosis with 
preservation of pulmonary artery continuity 
in patients with univentricular heart 


A P Salmon, L D Abrams, D Goh, J V de Giovanni, 
Y G C Wright, E D Silove 
Birmingham Children's Hospital 


Since 1967 the condition of 27 patients with uni- 
ventricular heart (UVH) and severely reduced pul- 
monary blood flow has been  palliated by 
constructing a side to side cavopulmonary anas- 
tomosis (CPA) with ligation of the superior vena 
cava at the right atrial junction. The continuity of the 
pulmonary artery was thus preserved. There were 17 
patients with tricuspid atresia (group A, mean age 32 
months, range 16 days-108 months) and 10 patients 
with other complicated UVH (group B; mean age 48 
months, range 5 weeks-180 months). In two patients 
with non-communicating left and right superior 
vena cavas bilateral CPAs were performed. A further 
two patients had azygos continuation of the inferior 
vena cava. There was one death related to a pro- 
cedure in a 5 week old. Clinical improvement 
occurred in all survivors, and in 15 no further inter- 
vention was required (mean follow up 8 years, range 
2-15). In 11 patients further surgery was performed 
because of increasing hypoxia in spite of angio- 
graphically proven shunt patency and low pul- 
monary artery pressure. There were three Fontan 
procedures, two peripheral arteriovenous, four 
Blalock-Taussig, and two aortopulmonary shunts. 
CPA may have advantages over systemic to pul- 
monary artery shunts. Venous blood is directed to 
the lungs without increasing the volume load on the 
ventricle or significantly increasing pulmonary 
artery pressure. The anatomy of the pulmonary 
artery is preserved, which improves the anatomical 
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scope for a later Fontan procedure. The results in 
some patients were so good that the Fontan oper- 
ation was considered unnecessary. 


Survivalin complete transposition of the great 
arteries: a 10 year review 


B G Craig, H O'Kane, J Cleland, H C Mulholland 
Royal Belfast Hospital for Sick Children, Belfast, 
Northern Ireland 


Until recent years the standard management for the 
infant with uncomplicated ventriculoarterial discor- 
dance has been balloon atrial septostomy (BAS) fol- 
lowed by Mustard's or Senning's correction. In 
some centres an anatomical correction in the neonate 
is now preferred despite an increased operative mor- 
tality. In the light of this change in direction we 
reviewed our experience in Belfast. 'T'he records of 
35 patients with uncomplicated ventriculoarterial 
discordance who presented from January 1978 to 
December 1987 were studied. All patients under- 
went BAS at 1-18 days (mean 5 days), which pro- 
duced satisfactory palliation in 26 (74%). Six of 
these 26 patients (23%) died while awaiting cor- 
rective surgery. Fifteen patients were successfully 
corrected: 10 by Senning's and five by Mustard's 
procedure. There was no operative mortality, but 
two late deaths occurred among the patients treated 
with Mustard's procedure. Five infants currently 
await correction. In the nine patients (2695) with an 
unsatisfactory initial BAS, the procedure was 
repeated in five. Two underwent a Blalock-Hanlon 
septectomy and one an open septectomy, who did 
not survive the operation. Six had early correction 
(at less than 6 weeks of age): four by Senning’s and 
one by Mustard’s procedure. The remaining patient 
had an anatomic correction but did not survive. The 
mortality for the patients overall was 10 (28%). 
Seven (20%) died before corrective surgery with one 
death related to an open atrial septectomy and none 
directly related to BAS. There were 22 survivors of 
corrective surgery (8 aged less than 5 years), with no 
operative mortality for Mustard’s or Senning’s pro- 
cedure irrespective of age, but a late mortality in two 
(9%). 

In summary, in our experience atrial redirection 
for uncomplicated ventriculoarterial discordance 
carries negligible operative mortality. There is, how- 
ever, a significant mortality before definitive repair 
despite apparently successful palliation by BAS. 
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Pathophysiology of atypical tamponade in 
infants undergoing cardiac operation 


P H Kay, T Brass, C Lincoln 
Brompton Hospital, London 


Not presented 


Fate of patients with transposition of the great 
arteries in the Republic of Ireland 1979-87 


P Oslizlok, D F Duff, A Savino, B Denham, 

O C Ward, A E Wood, M Neligan 

Our Lady's Hospital for Sick Children, Crumlin, 
Dublin, Republic of Ireland 


All cases of suspected congenital heart disease in the 
Republic of Ireland are referred to this hospital. 
There were 104 patients with transposition of the 
great arteries (TGA) born during this period of eight 
years. Subgroups with associated patent ductus arte- 
riosus (PDA), ventricular septal defect (VSD), left 
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ventricular outflow obstruction (LVOTO), alone or 
in combination, were defined. The largest of these 
was isolated TGA (51%). The male to female ratio 
was 1:8:1, the mean birth weight was 3410 g 
(1800—4900 g), and the mean age at referral 5:3 days 
(0-2-84 days). Altogether 99 patients had balloon 
atrial septostomy (BAS) at a mean age of 5-9 days, 35 
through the umbilical vein and 25 under ecbo- 
cardiographic guidance. One patient died during 
BAS. Other complications of BAS were infrequent 
(7%). After BAS and before definitive surgery com- 
plications included hypercyanotic spells, 13 patients 
(13%); cardiac failure, 11 (11%); and cere- 
brovascular accidents, four (4%). Six patients died 
before definitive surgery: one with profound hypoxia 
at 4 weeks, one after PDA ligation at 10 weeks, two 
with septicaemia at 5 and 12 months, one with CVA 
at 11 months, and one at home at 17 months. Pal- 
liative surgery was required in 10 patients (10%): 
Blalock-Taussig shunt in six (6%), pulmonary 
artery banding in three (3%), PDA ligation in two 
(2%). Eighty two patients had definitive surgery. 
The subgroup with isolated TGA had an operative 
mortality of 4 395. The overall operative mortality 
was 195%. In the first half of the study period 
(1979-83) the operative mortality was 24% as com- 
pared with 7-5% for the second half (1984-87). There 
were three late deaths (3 6%). Fifty eight operative 
survivors were followed for a mean of 2 5 years after 
operation (mean 0 2-5-8 years). Forty six (75%) 
were in sinus rhythm. Ten patients (17%) were in 
nodal rhythm alone or alternate with sinus rhythm. 
None has required pacing. Four patients (7%) had 
residual hemiparesis and one (1-795) motor develop- 
mental delay. Two patients (3:495) have systemic 
ventricular failure. None has shown evidence 
clinically or at repeat cardiac catheterisation (17 
patients) of pulmonary or systemic venous pathway 
obstruction. 

This represents the first study of patients with 
TGA in the Republic of Ireland. These results com- 
pare favourably with other reported series. 


Postnatal management of supraventricular 
arrhythmias diagnosed in utero 


Kim Priestley, D J Maxwell, Lindsay Allan, 
M ] Tynan, P V L Curry 
Cardiac Department, Guy's Hospital, London 


Twenty two out of 23 children with supraventricular 
arrhythmias in utero (12 hydropic) had intrauterine 
antiarrhythmic treatment that was successful in 14 
and partially successful in three. Eleven children (10 
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hydropic) required resuscitation at birth; four of 
nine infants had complications of prematurity. Post- 
natally, supraventricular tachycardia occurred in 
eight, atrial flutter in eight (two with atrial septal 
defects), and atrial tachycardia in two. Five children 
with arrhythmia control in utero remained in sinus 
rhythm from birth. Digoxin was administered 
within 48 hours of birth in 19 children and at 3 weeks 
in another. Three received additional ann- 
arrhythmic agents (verapamil in two, propranolol in 
one). DC cardioversion was necessary in five. One 
premature child with partially controlled atrial 
flutter died. Pre-excitation was present on electro- 
cardiography in three. Digoxin was later (16 months) 
successfully withdrawn in two of the eight with 
supraventricular tachycardia (mean follow up 52 
months). Five of the six currently taking digoxin are 
aged less than 1 year; the other (aged 3) with a pre- 
excitation syndrome had recurrent arrhythmias for 
15 months. It was possible to withdraw digoxin in 
four of the eight children with atrial flutter (mean age 
8 months) with no recurrence on follow-up (mean 40 
months). Atrial tachycardia was more resistant to 
treatment, requiring both amiodarone and digoxin in 
one child who later died of meningitis aged 23 
months. Another with atrial tachycardia failed to 
respond to medical treatment. 

We conclude that postnatal control of super- 
ventricular arrhythmias diagnosed in utero is 
achievable, often with digoxin alone, and treatment 
can later be withdrawn in most patients by the age of 
1 year. The rarer atrial tachycardias are more 
resistant to treatment. 


Magnetic resonance imaging of ventricular 
septal defects in infants 


E J Baker, Victoria Ayton, M A Smith, 

R H Anderson 

Guy's Hospital and the Cardiothoracic Institute, 
London 


Electrocardiogram gated cardiac magnetic resonance 
imaging was performed in 10 infants (aged 6 weeks 
to 4 months) with ventricular septal defects. A high 
field strength (15 Tesla) imaging system was used 
with the infant, sedated if necessary, placed 1n an 
adult head coil. A spin echo sequence was used, mul- 
üple, synchronous, 5 mm thick sections being 
acquired in various imaging planes. Sections that 
were related to the long and short axis of the heart 
were used. The angles of the imaging planes were 
chosen individually in each patient to show the anat- 
omy of the ventricular septum optimally. Imaging 
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was successful in every patient. Six patients had 
perimembranous defects, the relation of the defect to 


the central fibrous body being readily determined --- 


from the images. One patient had a doubly commit- 
ted, juxta-arterial defect. T'he area of fibrous con- 
tinuity between the arterial valves, which was 


roofing the. defect, was clearly shown. Another., 


patient had a bilateral subarterial infundibulum in 
association with the defect, which was excellently 
shown. Two further patients had muscular defects. 
In one of them the defects were multiple. In all 
patients the anatomy of the ventricular septal defects 
was more clearly shown in the magnetic resonance 
images than by cross sectional echocardiography or, 
in four patients, cineangiography. 

Our early experience suggests that magnetic reso- 
nance imaging will become the optimum technique 
for imaging ventricular septal defects. 


Paediatric supraventricular arrhythmias: age 
at presentation, nature, and treatment 


Kim Priestley, Lindsay Allan, M J Tynan, 
P V L Curry 
Cardiac Department, Guy's Hospital, London 


Of 97 children referred with supraventricular 
arrhythmias, 70 had paroxysmal re-entry supra- 
ventricular tachycardia (PRSV T), 25 of these had an 
overt pre-excitation syndrome (Wolff-Parkinson- 


White syndrome (WPW), 20 had atrial fibrillation or: 


flutter (AF), and seven atrial tachycardia. Of the 70 
with PRSVT, structural heart disease was present in 
twelve (17%). Twenty three (51%) without overt 
WPW presented before the age of 6 months and 14 
(31%) between 7 and 12 years. Twelve (27%) 
received at least three antiarrhythmic drugs; electro- 
physiological studies were performed to aid treat- 
ment in 13 (29%); one child received an 
antitachycardia pacemaker and one operation. Of the 
25 with overt WPW, 10 (40%) presented before the 
age of 6 months and 12 (48%) between 7 and 12 
years. Ten (40%) of these received at least three 
antiarrhythmic drugs; electrophysiological studies 
were formed in 15 (60%), which led to one child 
receiving an antitachycardia pacemaker and two 
operation. Ten of the 20 children with AF (50%) had 
structural heart disease, and in 6 AF occurred post- 
operatively associated with sinus node dysfunction. 
Of the remaining 10, nine presented before 1 month 
of age. Arrhythmia control was obtained in 12 (60%) 
with one antiarrhythmic drug and three (15%) 
required no antiarrhythmic drugs; electro- 
physiological studies were performed in two (10%) 
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and two received antitachycardia pacemakers. Two 
of the seven children with atrial tachycardia had car- 
diomyopathies and one child congenital heart dis- 
ease; ages at presentation varied widely. Four 
children (57%) received at least three anti- 
arrhythmic drugs, electrophysiological studies were 
performed in three (43%), one received an anti- 
tachycardia pacemaker, and one operation. 

In conclusion, PRSVT was the most common 
paediatric supraventricular arrhythmia and had a 
bimodal age presentation. Half of those with AF 
have structural heart disease. Medical management 
achieved control in most, although surgery or a pace- 
maker was occasionally required for refractory 
arrhythmia. 


Long term follow up after coronary 
thrombolysis in acute myocardial infarction 


D McAreavey, D P de Bono, M Been, H Peterson 
Department of Cardiology, Royal Infirmary of 
Edinburgh 


Between 1982 and 1985 113 patients (mean age 55 
years) who presented at a median time of 2:6 hours 
(range 0-5-6) after the onset of symptoms of acute 
myocardial infarction were treated with an intra- 
venous or intracoronary thrombolytic agent. One 
hundred had angiographically proven coronary 
recanalisation. One hundred and five patients sur- 


* vived to leave hospital, and 100 of these have been 


followed up to the end of November 1987 (minimum 
follow up 23 months, median 35 months). A consis- 
tent follow up policy was adopted, consisting of early 


- anticoagulation with heparin (controlled by the cal- 


cium thrombin time) followed by warfarin. Angio- 
plasty or coronary grafting were used only when 
there was post-infarct angina or a strongly positive 
exercise test. Reinfarction (confirmed by electro- 
cardiographic and enzyme criteria) occurred in nine 
hospital inpatients, seven of whom were not treated 
with anticoagulants at the time. Nine other patients 
sustained a myocardial infarction during the first 
year after treatment and four of them were treated 
with warfarin. After one year only two more patients 
had a myocardial infarction. Twenty six patients 
(25% of those alive at time of hospital discharge) had 
an intervention during the subsequent 24 months 
because of persistent or recurrent angina. Inter- 
vention was undertaken within three months of dis- 
charge in 13 cases. In hospital mortality was 7:1% 
and was due to pump failure in five cases and to 
cardiac rupture, papillary muscle rupture, and sud- 
den death in one case each. A further six patients 
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died during the first year—all these deaths were 
“sudden”. Three of the late deaths were in patients 
in whom reperfusion had been unsuccessful. 


Pacing termination of spontaneous 
ventricular tachycardia 


K G Oldroyd, A P Rae, 8 M Cobbe 
Royal Infirmary, Glasgow 


Pacing techniques to terminate ventricular tachy- 
cardia (VT) induced during electrophysiological 
testing are well documented but require specialised 
equipment. We attempted pacing termination of 
spontaneous V'T in the coronary care unit with a 
standard external pulse generator with 3 x 3 rate 
multiplier. Temporary pacing lines were inserted on 
27 occasions in 15 patients (13 men) aged 38-76. 
Twelve had previous myocardial infarction, one 
recent (48 h), and two had cardiomyopathy. There 
were 68 separate episodes of spontaneous V'T. Intra- 
venous antiarrhythmic treatment terminated VT in 


only seven (22%) of 32 attempts, while pacing termi- ~ 


nation was successful in 31 (54%) of 57 attempts. 
Underdrive and overdrive pacing were used when 
appropriate and were successful in 13 (34%) of 38 
and 18 (46%) of 39 attempts respectively. Acceler- 
ation, with a subsequent need for DC cardioversion 
occurred on four occasions during pacing and once 
during catheter manipulation (9%). 

The success rate of pacing termination of sponta- 
neous VT at the bedside is similar to that obtained 
with 1nduced VT in the laboratory. This technique 
minimises the need for repeated DC cardioversion or 
the use of multiple intravenous antiarrhythmic 
drugs. 


Human defibrillation thresholds with 
biphasic waveforms and contoured epicardial 
patches 


E S Barın, J E Elstob, M G Hakim, G M Rees, 
R V Calfee, S J Edmondson, A W Nathan 
St Bartholomew's Hospital, London 


Implantable defibilators are becoming established 
as important devices for the management of life 
threatening ventricular arrhythmias. Present devices 
are bulky because they require large batteries and 
capacitors; so reduction of energy requirements is an 
important goal. We studied the defibrillation thresh- 
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old (DFT) with contoured large surface area epicar- 
dial patches (60 cm and 58 cm) in 21 patients (18 
men, three women) undergoing coronary artery 
surgery. An incremental energy protocol was used in 
nine patients and a "searching" modified Bourland 
protocol in 12. The pulse consisted of a biphasic 
impulse (6:5 ms --ve/3:5 ms —ve), timed to dis- 
charge 10 seconds after the onset of induced ventric- 
ular fibrillation. Clinical details, left ventricular 
function, and coronary anatomy were evaluated and 
were correlated with the DFTs. The mean age was 
58 years (range 46 to 71). Mean left ventricular ejec- 
tion fraction was 59%. Eight had previous 
infarction, 16 were taking f blockers, and 16 were 
taking calcium blockers before operation. The mean 
DFT was 2:6 (2-3) (0-7 to 9:3) J, (174 (69) (96 to 357) 
V, with a mean measured impedance of 63 2 (14-6) 
(42:6 to 100 7) Q. Sixteen patients had DFTs of «3 
J, and 16 patients had DFTs of «175 V. There were 
no significant predictors of DFT based on clinical 
and anatomical details. Two patients with fatty 
hearts had notably higher DFTs but unremarkable 
impedances. There was no significant difference 
between the two different protocols. 

Very low DFTs are possible if large contoured 
epicardial patches and biphasic pulses are used. 
DFTs were not significantly influenced by clinical 
and structural variables, except pericardial fat; none 
the less these patients did not have severely impaired 
left ventricular function. These finding have impli- 
cations for optimising the design of implantable 
defibrillators. 


Laser probe design: features of the optimum 
probe for coronary angioplasty 


E Rosenthal, J Montarello, P V L Curry 
Cardiac Department, Guy's Hospital, London 


Thermal angioplasty with a percutaneous laser 
probe (LP) is now used as an adjunct to balloon 
angioplasty in peripheral arteries. We evaluated 
techniques of delivering LP energy to coronary arte- 
ries by three different LPs in 11 perfused coronary 
arteries in seven intact cadaver hearts suspended in 
a water bath at 37°C. A guiding catheter was used for 
angiography, passage of the laser probe, and simulta- 
neous perfusion with 60 ml/min during lasering. 
The most rigid LP (2-0 mm tip) used for peripheral 
angioplasty was unable to pass more than 2-3 cm 
into the major coronary vessels. A more flexible 1:5 
mm LP with a guide wire through the tip could be 
passed to distal vessels but only by unacceptable 


624 


displacement of the coronary arteries. Incorporation 
of the optical fibre into a catheter with a 2 cm floppy 
spiral metal coil proximal to the tip (1-7 mm) and a 
central guide wire channel permitted access to the 
distal vessels with less lateral distortion but also with 
reduced axial force that was necessary to advance the 
LP through atheromatous stenoses. Application of 
laser energy (10 W for 5-15 s) to the stationary 
probes resulted in lateral adherence to the vessel wall 
in 20/25 coronary segments. There was macroscopic 
charring of the vessels in 8/13 segments not perfused 
during lasering and 0/12 segments that were per- 
fused (p « 0:05). Three segments in which the vessel 
diameter to probe diameter ratio was <1:5:1 were 
perforated. Adherence and charring did not occur in 
any of the segments in which the vessel to probe ratio 
was >2-1:1. 

"Flexible, small diameter, LPs are most appropri- 
ate for coronary laser angioplasty because they give 
vessel to probe diameter ratios which reduces lateral 
damage while retaining sufficient strength to avoid 
their being welded to the artery wall as they are 
advanced through the vessel. 


Comparative survival at twelve months of 
patients admitted by mobile coronary care 
unit and ordinary ambulance 


M D I Donnelly, E Turkington, E Chadwick, 
Paula Toner, Pat Charlton, J] R Williams, 

M P S Varma 

The Cardiac Unit, Erne Hospital, Enniskillen, 
County Fermanagh, Northern Ireland 


"The mortality 1n an area served by a mobile intensive 
coronary care unit was compared with that in a sim- 
ilar neighbouring area without such a unit. Mortality 
was 13% less in the area with a mobile unit. After a 
mobile unit was established in the other area survival 
at three months and 12 months and coronary prog- 
nostic indices were compared in patients admitted to 
the district coronary care unit by ordinary ambu- 
lances and by the mobile intensive coronary care 
unit. Three hundred and forty three patients with 
385 cardiac events entered the study (mean age 63 
(19-89), 63% men and 37% women). The distri- 
bution of infarcts by type and site was similar in both 
admission transport groups (y? = 2:93, df = 5, 
p = 070) The average coronary prognostic index 
was 3-7 for patients admitted by the mobile unit and 
4-0 for patients admitted by ordinary ambulance. 
Twelve month survival for those under 65 years was 
66% for the mobile unit and 53% for the ordinary 
ambulances. Twelve patients were resuscitated out- 
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side hospital by the mobile unit and 10 (83%) of 
them were alive at 12 months. No successful resusci- 
tations were carried out by ordinary ambulance. 


Balloon dilatation of the aortic valve for 
critical aortic stenosis 


D P Moore, K McDonald, P A Crean, B J Maurer, 


G F Gearty 
Royal City of Dublin Hospital, Dublin, Ireland 


Balloon dilatation of the aortic valve (BAV) has been 
suggested as an alternative to aortic valve replace- 
ment in elderly or infirm patients with aortic stenosis 
(AS). We report our initial experience with this tech- 
nique in patients who were considered to be unsuit- 
able for operation because of severe left ventricular 
failure (3 patients) or coexisting disease (nine 
patients). Thirteen procedures were performed on 
12 patients (mean age 65:5 yr (range 50-75). All had 
pure AS and were in New York Heart Association 
(NYHA) class III or IV. The mean transvalvar gra- 
dient was reduced from 81 mm Hg (range 40-140 
mm Hg) to 48 mm Hg (range 20-80 mm Hg) (p — 
0-008). In one patient symptomatic restenosis 
required repeat dilatation. Fatal arterial throm- 
boembolism occurred in two patients two days and 
seven days after BAV. Both had symptomatic 
peripheral vascular disease. Total procedure related 
mortality was three out of 13 procedures. All patients 
who survived BAV reported an improvement in 
symptoms of at least one NYHA class. Doppler 
assessment of the gradient after BAV correlated well 
with directly measured values. The high procedure 
related mortality may be attributed to the presence of 
severe coexisting medical disease or left ventricular 
failure in these patients. 

We conclude that though BAV is an effective 
means of palliation for critical AS, it has serious risks 
for those most likely to benefit from it. 


Syncope in athletes: the role of the Valsalva 
manoeuvre 


L O Hughes, Mary Heber, A Lahiri, E B Raftery 


Syncope and near syncope have been reported in 
trained athletes. Although such episodes are often 
associated with bradyarrhythmias, some athletes, 
without detectable bradyarrhythmia complain of 
near syncope, particularly during high resistance 
training. We evaluated beat to beat changes 1n left 
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ventricular volume associated with isometric exer- 
cise, dynamic exercise, and the standard and max- 
imum Valsalva manoeuvres in five olympic athletes 
by means of a nuclear stethoscope. In one subject 
simultaneous intra-arterial blood pressure was also 
recorded. Changes were qualitatively similar in all 
subjects. Mean resting ejection fraction at rest was 
66:6%. During isometric exercise (maximum hand- 
grip for 10 seconds) the ejection fraction fell by an 
average of 4% when subjects breathed normally and 
by 18:6% with simultaneous Valsalva manoeuvre. 
During maximum Valsalva manoeuvre maintained 
for 10-15 seconds (simulating the manoeuvre per- 
formed during weight training) dramatic falls in the 
ejection fraction were seen such that in two meso- 
morphic subjects the left ventricular volume time- 
activity curve showed a flat response. Moreover, an 
arterial trace in one of these subjects showed a mean 
pressure of 50 mm Hg at the end of the procedure 
with a pulse pressure of 15 mm Hg. Background 
counts (representing blood in the pulmonary vascu- 
lar bed) also decreased during maximum Valsalva. 

We conclude that a dramatic fall in cardiac output 
occurs in trained athletes during the Valsalva 
manoeuvre, which may be partly responsible for near 
syncope observed in some athletes during heavy 
resistance training. 


Clinical comparison of angiographically 
diagnosed primary and chronic 
thromboembolic pulmonary hypertension 


H H Gray, J M Morgan, I Kerr, G A H Miller 
Brompton Hospital, London 


Classification of pulmonary vascular disease dis- 
tinguishes primary (PPHT) and chronic throm- 
boembolic (CTPHT) pulmonary hypertension, and 
it has been suggested that these two conditions have 
different angiographic appearances. We reviewed 
the clinical and investigative features of a large series 
of patients with these conditions in whom angio- 
graphic and haemodynamic data were available. 
"Twenty one patients had arteriographic findings 
suggestive of PPHT (symmetrical peripheral vessel 
pruning) and 22 patents findings suggestive of 
CTPHT (asymmetrical vessel occlusion). Patients 
with PPHT were on average younger (mean 39 
(range 9-62) years), and there were more female 
patients in this group (16 female, nine male). 
Patients with CTPHT (13 female, nine male) 
presented between the ages of 15 and 68 years (mean 
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46). Mean pulmonary artery pressure was 
significantly (p « 0-01) higher in the PPHT (67 mm 
Hg) than in the CTPHT (49 mm Hg) group. There 
were no other significant differences. Al! the patients 
were breathless; haemoptysis, chest pain, and symp- 
toms interpreted as deep venous thrombosis were 
equally frequent. The mean duration of symptoms 
before diagnosis was not significantly different 
(PPHT 23 weeks, CTPHT 27 weeks). Physical 
signs, electrocardiographic changes, and abnormal- 
ities suggestive of pulmonary hypertension detected 
in chest radiographs were equally common. Thirty 
five patients died, but survival from the time of diag- 
nosis was not significantly different in the two groups 
(PPHT (n = 19) mean 26 weeks (range 1-88); 
CTPHT (n = 16) mean 38 weeks (range 1-192)). 

Histological differentiation between PPHT and 
CTPHT is impossible. Our data indicate that it is 
equally impossible to distinguish between the two 
conditions on the basis of clinical presentation or 
prognosis. 


Early (24 hour) electrocardiographic stress 
testing in the evaluation of acute chest pain 


G Coughlan, K Flanagan, D Moore, G F Gearty 
Trinity Cardiology, St James’s Hospital, Dublin, 
Ireland 


Altogether 231 patients with severe chest pain were 
admitted to this hospital during 1986. Within 24 
hours 108 confirmed recent myocardial infarcts were 
identified; 38 patients were considered to exhibit 
unstable angina, and 76 patients had posed a diag- 
nostic problem. Forty nine apparently stable 
patients proceeded to electrocardiographic stress 
testing (treadmill and Bruce protocol) within 24 
hours after admission. 'T'en showed strongly positive 
results with significant atheroma on subsequent 
angiography. Five showed equivocal stress per- 
formance. All had normal or minimally diseased 
coronary vessels. There were no false positive 
results. Thirty four patients showed normal results 
on stressing (max heart rates 8595) at 24 hours and 
were discharged. All were reviewed after one year. 
No clinical events were recorded; three patients 
experienced variable chest pain, but all stress tests 
were again normal. 

Thus early (24 hour) stress testing showed serious 
potentially threatening disease in patients with clin- 
ically mild unstable angina and also reliably 
identified many patients suitable for quick discharge. 
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In hospital delay in administration of 
thrombolytic treatment 


C J Burrell, P G Mills, M T Rothman 
Cardiac Department, The London Hospital, 
Whitechapel, London 


Administration of thrombolytic treatment to 
patients outside hospital in the early phase of acute 
myocardial infarction remains impractical or impos- 
sible in many health districts; but there may be scope 
for in hospital delays to be reduced. We analysed 50 
consecutive patients entering the APSAC-Swift 
study who received thrombolytic treatment by sim- 
ple intravenous bolus injection within 180 minutes 
from the onset of symptoms. Details of the study 
were well publicised in the recruiting hospitals. 
Electrocardiographic criteria for entry were ST seg- 
ment elevation of 0-1 mV in two standard or 0:2 mV 
in two precordial leads. We found a delay in hospital 
of 25-150 minutes (median 77-5). This contrasted 
with a delay for opiate treatment (if given) of only 
5-139 minutes (median 30) in the same patients. The 
delay out of hospital was 15-120 minutes (median 
56), with a total delay of 60-180 minutes (median 
150). "The in hospital delay was less for those with 
strikingly abnormal electrocardiographic changes 
(ST elevation 7 2 mV and reciprocal changes), those 
seen in the accident and emergency department by 
senior house officers on cardiology rotation, and 
those in whom life threatening arrhythmia occurred 
before thrombolytic treatment. In 14 patients treat- 
ment was delayed because of non-diagnostic changes 
in the initial electrocardiogram. A further 24 patients 
with diagnostic electrocardiographic changes were 
transferred to the coronary care unit before treat- 
ment because of lack of awareness about throm- 
bolytic treatment, because of physicians’ concern 
about reperfusion arrhythmias, or for administrative 
convenience (delay for patients treated in the acci- 
dent and emergency department 25—75 minutes 
(median 35): delay for patients treated in the coro- 
nary care unit 65-150 minutes (median 105)). 

There are significant in hospital delays in the 
administration of thrombolytic treatment that could 
be reduced by education, reassurance about reper- 
fusion arrhythmias, and avoiding the tendency to 
wait until the end of any chosen time window. Less 
stringent electrocardiographic criteria (with a con- 
vincing history) would result in earlier treatment of 
some patients. 


Do high risk patients with acute myocardial 
infarction benefit from early intravenous 
metoprolol? 


K Salathia, J Nicholas, J D S Higginson, D Boyle 
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Coronary Care Unit, 'The Ulster Hospital, 
Dundonald, Belfast, Northern Ireland 


The ISIS I study and mega-analysis have shown that 
early intervention with beta blockade reduces mor- 
tality in acute myocardial infarction. The second 
largest study (MIAMI) was not sufficiently powerful 
to show reduced mortality. It may be that a high risk 
group can be selected in which the benefit of early 
intervention should be higher. Analysis of sub- 
groups in the MIAMI study showed that metoprolol 
did confer a significant benefit to these patients. We 
tested this hypothesis in a randomly allocated double 
blind study of 800 patients admitted with suspected 
acute myocardial infarction who were given 15 mg 
metoprolol intravenously or equivalent placebo. 
None of the MIAMI risk factors, (age older than 60; 
previous myocardial infarction; angina pectoris; con- 
gestive heart failure; hypertension; diabetes; taking 
digoxin or diuretics, or both; and abnormal electro- 
cardiogram) individually identified a group in which 
metoprolol was associated with a significant reduc- 
tion in mortality at three months. The relative prog- 
nostic importance of these factors correlated poorly 
with the MIAMI study (Spearman's correlation 
test). Three or more risk factors were simultaneously 
present in 38% of our patients, and mortality in 
those given metoprolol was 9-694 compared with 
13-894 in those given placebo. 

Our data are consistent with the finding in the 
MIAMI study that patients at high risk show a 
reduction in mortality of about 30% when given 
intravenous metoprolol. In a study of 800 patients 
this difference was not significant. In clinical prac- 
tice the reduction is unlikely to be apparent in a 
coronary care unit with an average throughput. 


Doppler flow patterns reflect the pulmonary 
artery pressure in ductus arteriosus 


M K Lim, A B Houston, W B Doig, E N Coleman 
Royal Hospital for Sick Children, Glasgow 


The Doppler spectral pattern of flow through the 
ductus arteriosus was studied in 33 patients in whom 
aortic and pulmonary artery pressure were measured 
at catheterisation (in 18 simultaneously with two 
catheters). Flow was continuous throughout the car- 
diac cycle and exhibited four distinct wave forms: (a) 
high maximum velocity occurring in late systole with 
gradual fall throughout diastole; (6) high systolic 
velocity with rapid fall to a very low value in early 
diastole and maintained throughout; (c) low velocity 
throughout with maximum in late diastole; and (d) ` 
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bidirectional flow. The appearance of (2) was associ- 
ated with normal or minimally raised pulmonary 
artery pressure (systolic below 50 mm Hg, diastolic 
below 30 mm Hg), that of (b) with raised pulmonary 
artery pressure (systolic above 50 mm Hg, diastolic 
above 30 mm Hg, and that of (c) and (d) with pul- 
monary artery pressure at systemic values. Com- 
parison of the Doppler and catheter measured 
pressure differences between the great arteries 
showed a poor correlation for both the peak and 
trough readings. 

The signals were more readily identified with col- 
our Doppler flow mapping but could also be 
recorded with a stand alone transducer. Doppler 
ultrasound clearly shows ductal flow; the flow wave 
form gives an indieation of the pulmonary artery 
pressure, but measurement of pressure by applica- 
tion of the Barnoulli equation to the flow velocities is 
not reliable. 


Arginine vasopressin abolishes the diuretic 
effect of atrial natriuretic factor in man 


J McMurray, A D Struthers 
Department of Clinical Pharmacology, Ninewells 
Hospital and Medical School, Dundee 


Chronic heart failure is characterised by abnormal 
concentrations of hormones including inap- 
propriately high arginine vasopressin (AVP) concen- 
trations. Patients with this condition also have raised 
atrial natriuretic factor (ANF) concentrations, yet 
chronic heart failure is typified by sodium and water 
retention. Exogenous ANF also fails to stimulate a 
diuresis in patients with chronic heart failure. To 
investigate whether AVP might be blocking the 
effect of ANF in chronic heart failure, AVP alone, 
ANF alone, and AVP and ANF together were 
infused into nine normal subjects during steady state 
maximal water diuresis. A dual placebo (P) infusion 
day was also performed. The dose of AVP (0-003 
pmol/kg/min) and ANF (15 pmol/kg/min) were cho- 
sen 80 as to mimic the circulating concentrations of 
these hormones found in chronic heart value. The 
change ın urinary flow rate (ml/min (SEM)) from 
baseline was: (a) P + P —0-5 (0-29), —0-46 (0-35); 
(b) AVP + P —622 (0-92)*, — 6:78 (0-9)*; (c) P + 
ANF + 1:68 (0 35)*, +.0-98 (0-42); (d) AVP + ANF 
— 4:57 (0 96)*, —5-71 (0-97)*. The change in uri- 
nary sodium excretion (umol/min (SEM)) was: (a) P 
+ P —11-8 (3-9), —9-0 (5 3); (b) AVP + P —9-4 
(2-6), —2-5 (8-9); (c) P + ANF +29-7 (7:1)*, +23 4 
(6:9)*; (d) AVP + ANF 4385 (11-4)*, +260 
(11:5)* (*p < 0-01 v baseline). 
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These results show that AVP abolishes the 
diuretic but not the natriuretic effect of ANF in man. 
This suggests that other neuroendocrine influences 
may be required to blunt the natriuretic effect of 
ANF in chronic heart failure or that haemodynamic 
factors may be more important in the control of 
sodium excretion. 


Characteristics of energy delivery during 
catheter discharges in man: primary role of 
voltage in successful ablation 


A J Ahsan, A D Cunningham, E Rowland, 
A F Rickards 
National Heart Hospital, London 


The precise mode of action of catheter ablation is 
unknown, but barotrauma, current, voltage, and 
heat have all been implicated. We examined record- 
ings of voltage, current, derived energy, and imped- 
ance from 39 shocks with the National Heart 
Hospital (NHH) ablater (capacitive discharge) in 14 
patients and compared them with results with a con- 
ventional power source and shocks in saline. 
Changes in impedance were similar in vivo and in 
vitro and of four types. (1) A short ( « 50 us) transient 
high impedance due to initial polarisation. (2) A sub- 
sequent constant impedance for non-arcing shocks, 
but a fall in impedance for arcing shocks after a mean 
0-33 (SEM 0-02) ms, proportional to delivered 
energy (r — 0:78, p « 0:001); in vitro recordings 
showed that the fall 1n impedance coincided with the 
onset of arcing. (3) A steep rise in impedance after 
arc extinction. Complete insulation occurred in vitro 
but not in vivo as the electrode tip remains in partial 
contact with myocardial tissue. (4) A return to a 
baseline impedance value similar to that for non- 
arcing shocks. With the NHH ablater successful 
ablation of atrioventricular conduction was per- 
formed with energy, peak current, and peak voltage 
of 197 (11-2) J, 18:8 (8-6) A, and 2328 (919 V, 
respectively; successful ablation with a conventional 
defibrillator was achieved with 221-4 (77-3) J, 44-9 
(14-9) A, and 2093 (600) V. Lower energy and pres- 
sure changes with NHH shocks suggest heat and 
barotrauma are not important for success. Survival 
curve analysis of atrioventricular conduction showed 
that energy and peak current were dissimilar for the 
two power sources but that the voltages were not 
significantly different, suggesting the primary 
importance of voltage in termining outcome. 

Thus voltage is the likely mediator of useful car- 
diac damage during catheter ablation in man. This 
result has implications for future designs of power 
source. 
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Increased rate of first myocardial infarction in 
immigrant Asians 


L O Hughes, E B Raftery 
Cardiology Department, Northwick Park Hospital, 
Harrow, Middlesex 


Mortality and morbidity from coronary disease in 
Asians living in Britain 1s thought to be higher than 
in whites, but estimating infarction rates from hospi- 
tal activity analysis records can be unreliable. We 
prospectively studied 78 consecutive patients 
presenting with myocardial infarction. All patients 
were men aged less than 60 and resident in the Lon- 
don Borough of Harrow at the time of the 1981 
census. To ascertain the possible existence of ethnic 
bias with respect to general practitioners’ referrals in 
patients with suspected myocardial infarction a 
questionnaire survey of 99 local general practitioners 
was performed. No such bias was found. Asians were 
younger at presentation (47-6 v 54-7 years) (p < 
0 001). Twenty nine myocardial infarctions occurred 
in a population of 5188 Asian men versus 49 in 31 
308 whites (p « 0-000005). Twenty one Asians were 
smokers versus 28 whites. Five Asians were known 
diabetics versus one out of 49 whites. Predischarge 
glucose tolerance tests showed a further seven 
patients with diabetes or impaired glucose tolerance 
in the Asian group (total 12 out of 29) and nine in the 
white group (total 10 out of 49) (p < 0-01). Twelve 
Asians had a positive family history versus 21 out of 
49 whites (NS). 

We conclude that male Asians in Harrow have a 
much higher rate of myocardial infarction than 
whites. The first infarction occurred at a younger age 
in Asians, and the prevalence of diabetes is much 
higher in Asians with infarction than in whites. 
Smoking habits and family history were not different 
between the groups. 


Effects of f adrenergic and calcium channel 
blocking agents on the circadian distribution 
of silent myocardial ischaemia 


D Mulcahy, Jennifer Keegan, D Cunningham, 
P Crean, A Quyyumi, Amanda Park, K Fox 
National Heart Hospital, London 


One hundred and fifty patients (mean age 55 years) 
underwent 6264 hours of ambulatory ST monitoring 
when no longer taking routine anti-anginal therapy. 
Altogether 598 episodes of significant ST change 
(21 mm) were recorded (447 silent); 77% of silent 
ischaemic episodes occurred during the waking 
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hours (0730-2230). Two subgroups were studied 
among these patients. Thirty three patients also had 
ST monitoring (1313 hours) while taking nifedipine 
and 41 patients (1581 hours) while taking atenolol 
(A). In the subgroup who had stopped taking nif- 
edipine 43-8% of 129 silent episodes occurred 
between 0730 and 1330 (AM) and 31:5% of episodes 
between 1330 and 1930 (PM) (ratio — 1:39). In the 
patients taking nifedipine 40-194 of 136 silent epi- 
sodes occurred AM, and 27-7% PM (ratio = 1:45). 
Ín the subgroup who had stopped taking atenolol 
345% of 237 silent episodes occurred AM and 
30:395 PM (ratio = 1:14). In patients taking atenolol 
23:095, of 135 silent episodes occurred AM and 
36:3% PM (ratio = 0-63). The frequency of silent 
myocardial ischaemia (SMI) in the six hour AM 
period was significantly higher than the average of 
the other three six hour periods in both subgroups 
who were no longer being treated and in the patients 
receiving nifedipine (p « 0-01). In contrast, in the 
patients taking atenol SMI increased significantly 
compared with the average of the other three peri- 
ods. 

In summary, atenolol led to a reversal of the distri- 
bution of silent ischaemic episodes from the morning 
to the evening hours. In contrast, nifedipine did not 
significantly alter the circadian distribution of silent 
ischaemic episodes. This is of therapeutic 
importance as the incidence of both myocardial 
infarction and sudden death is greatest in the morn- 
ing hours and the circadian rhythm of acute myo- 
cardial infarction is reported to be altered by f 
adrenergic blocking agents. 


Initial electrocardiograms and outcome for 
patients seen by a mobile coronary care unit 
within four hours of the onset of suspected 
myocardial infarction 


S R Cunningham, G W N Dalzell, A A J Adgey 
Regional Medical Cardiology Centre, Royal Victoria 
Hospital, Belfast, Northern Ireland 


With the advent of thrombolytic therapy for patients 
with suspected myocardial infarction analysis of the 
initial electrocardiogram (ECG) is crucial in decision 
making. Thus we analysed the initial ECGs of 89 con- 
secutive patients with suspected myocardial infarc- 
tion who were seen within 4 hours after the onset of 
chest pain by a mobile coronary care unit (MCCU) 
and survived to be admitted to hospital. We studied 
67 men and 22 women whose mean age was 61 
(25-81). MCCU response time ranged from 5-45 
minutes (mean 13-0), and mean time from onset of 
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pain to arrival of the MCCU was 84 minutes (range 
15-240). The initial ECG was considered positive if 
there was evidence of infarction (pathological Q 
waves or ST segment elevation), ischaemia (ST seg- 
ment depression or T wave inversion, or both), or 
left bundle branch block. À diagnosis of myocardial 
infarction was confirmed in 40 of 89 (45%) patients, 
25 (28%) patients had acute ischaemia, and 24 (27%) 
other diagnoses. Of the 35 patients seen within the 
first hour, five (14%) with a normal initial ECG had 
a proved myocardial infarction. Two of the 34 (6%) 
patients seen in the second hour had a proved myo- 
cardial infarction, one of the 10 (10%) seen in the 
third hour, and none of those with a normal initial 
ECG seen in the fourth hour. Analysis of the normal 
initial ECGs showed that in the first hour five out of 
11 (45%) patients had a proved myocardial 
infarction, in the second hour two out of 12 (17%), 
in the third hour 1 out of five (20%), and in the 
fourth hour none out of four. Of those with an initial 
positive ECG for myocardial ischaemia but no 
proved myocardial infarction there were 12 out of 35 
(34%) in the first hour, six out of 34 (18%) in the 
second hour, four out of 10 (40%) in the third hour, 
and three out of 10 (30%) in the fourth hour. 

We conclude that 9% (eight out of 89) of patients 
presenting within four hours after the onset of chest 
pain had a myocardial infarction but normal initial 
ECG. The highest percentage of normal initial 
ECGs associated with an acute myocardial infarction 
were recorded within the first hour after the onset of 
symptoms. 


Restrictive cardiomyopathy and constrictive 
pericarditis: non-invasive distinction by 
digitised M mode echocardiography 


J M Morgan, L Raposo, J C Clague, W H Chow, 
P J Oldershaw 
Brompton Hospital, London 


Restrictive cardiomyopathy and constrictive peri- 
carditis may be difficult to distinguish on clinical 
grounds or simple investigation; cardiac cath- 
eterisation has been the gold standard for diagnosis 
but does not always allow distinction. Using a Sum- 
magraphics digitiser and Prime 750 computer sys- 
tem we have digitised the M. mode echocardiograms 
of patients with restrictive cardiomyopathy and con- 
strictive pericarditis (n — 10) and those of normal 
subjects matched for age and sex (n — 20). In 
restrictive cardiomyopathy restrictive patho- 
physiology was shown by reduction in the following 
when compared with controls: (a) fractional short- 
ening 22% (9-8) v 36% (3-6), p < 0-001; (b) peak left 
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ventricular filling rate 7:5 (3:3) v 12 (12:6) cm/s, 
p < 0:001; (c) left ventricular peak emptying rate 
—5:3 (1-7) v —8:3 (1-1) cm/s, p < 0:001; (d) per- 
centage posterior wall thickening 24% (12) v 35% 
(7), p € 0:007; (e) peak left ventricular posterior wall 
thickening rate —41 (25) v —5-8 (1-8) cm/s, 
p < 0-02; and (f) peak left ventricular posterior wall 
thinning rate 2:6 (0-9) v 3-4 (0-7) cm/s, p « 0-008. 
When patients with constrictive pericarditis were 
compared with controls the only significantly 
different variables were a decreased peak left ventric- 
ular filling rate (8:8 (2:5) cm/s, p < 0-004) and an 
increased peak left ventricular posterior wall thin- 
ning rate (6 (2 8) cm/s, p « 0:01). In patients with 
constrictive pericarditis, however, peak left ventric- 
ular emptying rate (—8-5 (2:8) cm/s, p « 0-006), 
percentage posterior wall thickening (47% (— 15), 
p < 0:008), peak left ventricular posterior wall thick- 
ening rate ( — 6:7 (1:9) cm/s, p < 0:007), and peak left 
ventricular posterior wall thinning rate (6 (2-8) cm/s, 
p < 0:004) were all significantly increased compared 
with in patients with restrictive cardiomyopathy. 

We conclude that digitisation of M. mode echo- 
cardiograms, with particular attention to posterior 
wall function, may be a useful adjunct to cardiac 
catheterisation in restrictive cardiomyopathy and 
constrictive pericarditis. 


Quantitative echocardiographic tissue 
characterisation after cardiac transplantation 


K T Swanson, R A Greenbaum, 

R B Logan-Sinclair, D G Gibson, M H Yacoub 
Harefield Hospital, Middlesex, and Brompton 
Hospital, London 


Detection of myocardial changes after cardiac trans- 
plantation usually requires myocardial biopsy. To 
assess a possible role for echocardiography single 
end diastolic frames recorded with 6 bit grey levels 
with standardised gain and depth compensation set- 
tings were stored and analysed off line. Myocardial 
areas of interest were located in the septum and pos- 
terior wall, and mean backscattered amplitude auto- 
matically determined in samples of 100—200 pixels 
after speckle reduction. Results in 40 patients up to 
seven years after transplantation were compared 
with results in normal subjects matched for age and 
expressed in 0-9 dB units above zero. Mean back- 
scattered amplitude was increased after trans- 
plantation to 13-6 (3:22 u (normal 6:6 (1:9); 
p < 0:001) with minimal overlap in individual 
patients. Mean backscattered amplitude within the 
first year after transplantation (12:9 (2-7) u) was less 
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than that after one year (14:3 (3:7) u; p < 0:03). 
Mean values of backscattered amplitude greater than 
15 u occurred in 18 patients in the septum or poste- 
rior wall. In eight patients this correlated with evi- 
dence on biopsy grade 1 rejection and in two patients - 
with fibrosis. Greater degrees of rejection were not 
seen in any patient. In the remaining patients, high 
values of backscattered amplitude were seen in all at 
five at risk beyond four years, but only three of 26 
before that (p < 0 001). 

Thus myocardial backscattered amplitude is 
greater than normal after transplantation and 
increases with time. These increases reflect, in part, 


fibrosis or low grade rejection. This method may be - 


useful in detecting, and in particular in determining, 
the myocardial distribution of these processes. 


Diurnal variation of pulmonary artery 
pressure in chronic heart failure 
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second 24 hours. In two of the eight patients there 
was no pressure rise during the night. Although the 
diurnal variation in pressure might be partly expla- 
ined by postural change, no correlation was found in 
the whole group of patients between postural pres- 
sure changes and diurnal variation. > 

Thus in patients with chronic heart failure diurnal 
variation in systolic and diastolic pulmonary artery 
pressure is common and may have important impli- 
cations for the selecting and timing of treatment. 


Diagnostic value' of comparison of 
ventriculoatrial intervals during junctional 
tachycardia and right ventricular apical 
pacing 


I G Crozier, S § A Wafa, D E Ward, A J Camm 
St George’s Hospital Medical School, London 


.. We postulated that comparison of ventriculoatrial 


J SR Gibbs, A D-Cunningham, Jane Sparrow, 
Christine Wright, Amanda Park, L M Shapiro, 
P A Poole-Wilson, K M Fox 

National Heart Hospital, London 


Variation in pulmonary artery pressure in patients 
with chronic heart failure may reflect changes in pos- 
ture, pulmonary artery tone, and left ventricular 
function. To investigate the nature of diurnal vari- 
ation in pulmonary artery pressure in chronic heart 
failure eight men aged 50-72 years who were free of 
angina and with treated chronic heart failure caused 
by ischaemic heart disease underwent continuous 
ambulatory pulmonary artery pressure recording 
with a transducer tipped catheter. A frequency mod- 
ulated signal was recorded óver 24 to 48 hours and 
played back on a paper chart recorder. The systolic 
and diastolic pressure was measured every 12 
minutes by averaging pressures over one minute 
intervals. The mean daytime systolic pulmonary 
artery pressure was 296 (SD 5:0) mm Hg and 
diastolic pressure 13-7 (5:6) mm Hg. During the 
night the systolic pressure rose to 36-0 (4:1) mm Hg 
(p « 0-005) and the diastolic to 17-6 (2:9) mm Hg 
(p « 0-001). The mean change in systolic pressure 
from day to night was 5:1 (3-2) mm Hg and from 
standing to lying 9:3 (2:3) mm Hg (p « 0:025). The 
mean change in diastolic pressure from day to night 
was 3:8 (1-7) mm Hg and from standing to lying 6:4 
(2:1) mm Hg (p « 0:025). In six of the eight patients 
there was considerable diurnal variation in pul- 
monary artery pressure. In four of them recordings 
were obtained over 48 hours, and the diurnal vari- 
ation in the first 24 hours was similar to that in the 


intervals during junctional tachycardia and con- 
tinuous right ventricular apical pacing may provide 
similar diagnostic information to that obtained from 
the insertion of right ventricular apical extrasystoles 
during tachycardia. Patients with either atrio- 
ventricular re-entrant tachycardia (AVR T) (n = 23) 
by a single atrioventricular pathway or atrio- 
ventricular nodal re-entrant tachycardia (AVNRT) 
(n = 16) were studied. Ventriculoatrial intervals 
were measured during tachycardia, the ventricular 
pacing being at the same rate as the tachycardia and 
following a ventricular extrasystole delivered at the 
minimum reset interval (minimum prematurity of a 
ventricular extrasystole that advanced the sub- 
sequent atrial complex >10 ms). The difference 
between the minimum ventriculoatrial interval dur- 
ing tachycardia and ventricular pacing was closely’ 
related to both the minimum reset interval (r = 0-92, 
p < 0:001) and the difference between the minimum 
ventriculoatrial interval during tachycardia and fol- 
lowing a ventricular extrasystole delivered at the 
minimum reset interval (r = 0-97, p < 0-001) in the 
23 patients in whom the minimum reset interval 
could be determined. The ratio between the min- 
imum ventriculoatrial interval during tachycardia 
and ventricular pacing could be determined in all the 
patients and was 1 53—1-68 in atrioventricular re- 
entrant tachycardia with right free wall (two 
patients), 0 94—1-29 ın that with anteroseptal defect 
(three patients), 0-91—1-08 with posteroseptal defect 
(five patients), and 0-48—0-71 with left free wall path- 
ways (13 patients) while it was —0-32-0-27 in atrio- 
ventricular nodal re-entrant tachycardia (16 
patients). The ratio was more descriminative when 
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corrected for ventricular latency and was also useful 
when calculated from the high right atrial electro- 
gram. 


We conclude that comparison of ventriculoatrial - 


intervals during tachycardia and right ventricular 
apıcal pacing can descriminate between the mech- 
anism of tachycardia and the site of pathway if 
present. It provides similar information to that 
obtained from right ventricular apical extrasystoles 
during tachycardia with the advantage that it can be 
determined in all cases. 


Technetium-99m-2-methyl isobutyl isonitrile 
(MIBI): a new imaging agent for localisation 
of myocardial infarction 


R D Levy, June Elstob, M N Wiseman, R Sobnack, 
D S Dymond 
St Bartholomew's Hospital, London 


A new myocardial imaging agent (technetium-99m- 
2-methyl isobutyl isonitrile (MIBI)) was evaluated 
in locating reduced perfusion in eight patients with 
recent myocardial infarction that was confirmed by 
cardiac enzyme activities and serial electro-^ 
cardiograms. MIBI has advantages over thallium- 
201, with a higher energy and a slow myocardial 
clearance of five hours. Resting first pass radio- 
nuclide ventriculography was performed with à 
bolus injection of MIBI followed within two hours 
by perfusion imaging in three standard projections 
after a single MIBI injection. Images were reported 


by two mdependent observers. One patient had a - 


previous anterior Q wave infarction with no anterior 
perfusion abnormality and normal wall- motion. 
Seven patients had new Q wave infarctions and one 
had septal S'T segment depression. All patients had. 
regions of abnormal perfusion that corresponded 
with regional wall motion and the site of electro- 
cardiographic changes. One panent with an anterior 
myocardial infarction and reduction of R wave 
amplitude showed anterior and posteroinferior per- 
fusion abnormalities but only apical akinesis. A fur- 
ther patient had posterior hypoperfusion with an 
inferior myocardial infarction on electro- 
cardiography and first pass radionuclide ventricu- 
lography. The extent of hypoperfusion, wall motion 
abnormalities, and ejection fraction were closely 
related in all patients. 

This agent can be used not only for detecting. 
abnormal myocardial perfusion but also for identi- 
fying regional wall motion abnormalities by first pass 
radionuclide ventriculography in patients with myo- 
cardial infarction. 
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Evidence of subclinical myocardial necrosis in 
patients with unstable angina detected by 
indium-III antimyosin antibody imaging 


D Jain, A Lahiri, E B Raftery 
Northwick Park Hospital and Clinical Research 
Centre, Harrow, Middlesex 


In a prospective study of 103 patients admitted to 
hospital for investigation of suspected acute myo- 
cardial infarction (AMI) or unstable angina anti- 
myosin antibody (FAB) (In-AM) imaging was 
performed to evaluate this new scintigraphic tech- 
nique. Within 48 hours after experiencing chest pain 
all patients received 0 5 mg In-AM labelled to 74—83 
MBq with indium-III. Gamma camera imaging was 
performed at 24 and 48 hours. Serial cardiac enzyme 


„activities of creative kinase and creatine kinase MB 


were measured and 12 lead electrocardiograms 
(ECG) were obtained daily and during chest pain. Of 
98 patients imaged, 64 had AMI (45 had Q and 19 
non-Q wave AMI), and 34 showed no evidence of 
AMI (unstable angina in-13 and no AMI or resting 
ischaemia in 22). The overall sensitivity and 
specificity for detecting AMI were 98% and 91%, 
respectively. Three out of the four “false positive" 


- scans were noted in three patients with unstable 


angina. All three patients had severe three vessel 
coronary artery disease, and the uptake of In-Am 
was confined to the myocardial segments supplied by 


..a critically narrowed artery; one patient died sud- 


denly while awaiting operation one week after imag- 
ing. 

Our results confirm those of experimental work 
showing a high degree of specificity of In-AM to 
bind with the acutely necrotic myocardium. Thus 
the myocardial uptake of In-AM in the patients with 
unstable angina may represent subclinical myo- 
cardial necrosis in the absence of the typical rise in 


-cardiac enzyme activities and changes in electro- 


cardiograms. 


Grading programmed electrical stimulation 
for ventricular tachycardia 


M J Griffith, N Linker, D Mehta, A J Camm 
St George's Hospital, London 


Programmed electrical stimulation (PES) for ven- 
tricular tachycardia (VT) is usually performed in a 
specific order of increasing numbers of extrastimuli 
(BS) and increasing drive rates. Because PES is 
stopped when VT is induced it is not known whether 
this represents increasing aggression or is a random 
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order. All eight stages of our PES, with one then two 
ES from the right ventricular apex in sinus rhythm 
and three drive rates (100, 120, and 140 beats/min), 
were performed sequentially regardless of whether 
VT was induced at any stage. The protocol was 
stopped if the patient was distressed by the VT or it 
was difficult to stop with PES. If only non-sustained 
VT was induced, 3 ES were then added in sinus 
rhythm and in the three drive rates. Twenty one 
patients (mean age 57 years (range 27—75)) com- 
pleted the protocol. Sixteen had ischaemic heart dis- 
ease and five had morphologically normal hearts. VT 
was induced in all of them: it was sustained (> 30 s) 
in 13, non-sustained (75 beats, « 30 s) in seven, and 
both types occurred in one patient at different stages. 
Inall 21 patients VT was induced by a 140 beats/min 
drive rate. In 17 it was induced by a drive rate of 120 
beats/min, in 16 it was induced by 100 beats/ min, 
and in six it was induced in sinus rhythm. Two 
patients had VT induced only by 1 ES, eight patients 
only by 2 ES, and three patients only by 3 ES. Five 
patients had VT induced by both 1 and 2 ES, two 
patients by both 2 and 3 ES, and one patient by 1, 2, 
and 3 ES. In only three patients was VT not induced 
at an intermediate drive rate with the same number 
of ES if the higher and lower rate induced VT. The 
cycle length of the VT induced at a later stage (366 
(95) ms) was not significantly faster than that 
induced at an earlier stage of the protocol (387 (98) 
ms). 

It seems that a protocol of sinus rhythm followed 
by increasing drive rates represents a stepwise 
increase, separately for 1, 2, and 3 ES, in the like- 
lihood of inducing VT. In this study a drive rate of 
140 beats/min with 1, 2, or 3 ES was as effective as 
the entire PES in inducing VT. 


Platelet activation in unstable angina 


Margarita Vejar, D Hackett, D Lipkin, A Maseri, 

G V R Born, G Ciabattoni, C Patrono 

Royal Postgraduate Medical School, Hammersmith 
Hospital, London, and Catholic University School 
of Medicine, Rome, Italy 


We investigated the importance of platelet activation 
in unstable angina pectoris by examing the temporal 
relation between the occurrence of episodic platelet 
activation and spontaneous myocardial ischaemia. 
Continuous electrocardiographic ST segment 
recording was performed for 24-96 hours in 11 
patients with unstable angina treated with intra- 
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venous isosorbide dinitrate and oral diltiazem but no 
cyclo-oxygenase inhibitors. Platelet activation was 
assessed by radioimmunoassay of the main throm- 
boxane metabolite, 11-dehydro-thromboxane B2 
(TX B2), from serial eight hours urine collections. A 
total of 38 episodes of ischaemia were recorded (23 
asymptomatic) and 56 urinary samples collected. 
The mean peak TXB2 value in each patient was 3389 
(SD 2745) pg/mg creatinine (range 697-10 897), 
which was significantly greater (p « 0-01) than in 23 
control patients without unstable angina or myo- 
cardial ischaemia (356 (151) (range 80-633)) or 20 
patients with peripheral vascular disease (426 (160), 
(range 160-899), p « 0-01). In 46% of all urine 
samples TXB2 excretion was increased, but only 
12% were associated with ST segment changes. 
'TXB2 was raised in association with half of all epi- 
sodes of myocardial ischaemia, during 78% of all 
episodes of chest pain, but also in 37% of urinary 
collections not associated with ST segment changes 
of pain. 

Although episodes of intense platelet activation 
may often be observed in unstable angina, the 
relation between TXB2 excretion and the occur- 
rence of myocardial ischaemia is highly variable; 
ischaemic episodes are frequently not associated 
with platelet activation and vice versa. Platelet acti- 
vation is important but may be only one mechanism 
involved in the pathogenesis of unstable angina. 


How important is pain during exercise 
induced myocardial ischaemia? 


IN Findlay, F J Wilson, Esther Henderson, 
A T Elliott, H J Dargie 
Western Infirmary, Glasgow 


Angina pectoris remains the main indication for 
coronary artery surgery, though most episodes of 
myocardial ischaemia are asymptomatic. We 
assessed whether the presence or absence of angina 
pectoris during formal exercise testing was related to 
the anatomical extent of disease or functional 
impairment during exercise. Left ventricular ejec- 
tion fraction (LVEF) was measured every two 
minutes during symptom limited bicycle exercise in 
34 patients with documented coronary artery dis- 
ease, who were studied when they were not taking 
antianginal treatment. Eight, 16, and 10 patients had 
one vessel, two vessel, and three vessel disease, 
respectively, and the coronary scores for the per- 
centage of myocardium supplied by stenosed vessels 
were 30 (4)%, 52 (3)%, and 73 (7)%, respectively. 
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During exercise the limiting symptom was angina 
(n = 19) or breathlessness (n = 15). The presence 
of angina was not associated with a lower exercise 
time (421 (31) v 455 (64) s), ST depression (1:4 (0:3) 
v 1:1 (0:30) mm), exercise LVEF (47 (3) v 49 (3))% 
or fall in LVEF (—13 (2) v —12 (2)). Mean vessel 
disease and coronary score were similar (2-1 (0-1) v 
2-1 (0:2) and 53 (4)% v 53 (5)%, respectively). ST 
depression (> 1 mm) developed in 22 patients. Exer- 
cise time was similar (angina v no angina) (452 (45) 
v 406 (42) s) as was the proportion developing angina 
(17 out of 22 v seven out of 12). ST depression was 
associated with a lower exercise LVEF (44 (2) v 56 
(3) p < 0:005), greater fall in LVEF (—15 (2) v —8 
(3) p « 0-02), and more severe vessel disease (2:3 
(0-1) v 1:6 (0-25 p < 0-005) and coronary score (62 
(3)% v 37 (394; p < 0-001). The degree of ST 
depression correlated with the fall in LVEF (x — 
—0:5; p « 0:002) and coronary score (r z06,p« 
0-001). 

'Thus the symptom of angina pectoris during for- 
mal exercise testing bore no relation to the severity 
of disease and should not be a major criterion on 
which to base a management strategy. ST segment 
depression was a more reliable marker of disease and 
functional impairment during exercise. 


Infarct size can be measured acutely in 
developing myocardial infarction 


Ann Tweddel, W Martin, I McGhie, I Hutton 
Royal Infirmary, Glasgow 


In patients with acute coronary artery occlusion flow 
markers can reliably detect the site of infarction. 
Gate perfusion imaging with thallium-201 was used 
to estimate infarct size when the patient was admit- 
ted to coronary care. Altogether 120 consecutive 
patients were imaged at a mean time of 86 minutes 
from arrival at hospital by a mobile gamma camera 
after an intravenous injection of 60 MBq of thallous 
chloride. Infarct size was estimated in the 82 patients 
who subsequently proved to have myocardial 
infarction and the size was correlated with clinical 
(Norris index) and enzymatic (peak creatine kinase 
and creatine kinase MB release curves) estimates. In 
patients with first infarction perfusion and 
enzymatic estimates of infarct size were significantly 
correlated: r = 0-7 (p < 0-001) for 22 patients with 
anterior infarction and r = 0-5 (p < 0-001) in 32 with 
inferior infarction. In these groups there was no cor- 
relation between either the perfusion of enzymatic 
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measure of infarct size and Norris index or ejection 
fraction. In contrast, in 24 patients who died there 
was a significant correlation between clinical findings 
(Norris index) and total perfusion defect 
(r = 06; p < 0:001) and ejection fraction and total 
perfusion defect (r — 0:5; p « 0-009), but not with 
enzymatic measures of infarct size or any other vari- 
able. Eleven patients died within 14 days and the 
correlation between Norris index and total perfusion 
defect was 0-8 (p « 0-001). 

Gated perfusion imaging on admission reflects the 
volume of myocardium affected and thus infarct size 
and should be of value in predicting the clinical out- 
comè in patients with acute myocardial infarction. 


Sublingual nifedipine and coronary flow 


Ann C Tweddel, W Martin, I McGhie, I Hutton 
Royal Infirmary, Glasgow 


Sublingual nifedipine is frequently used by patients 
for the relief of angina. To investigate the mode of 
action 12 patients were studied at the time of routine 
angiography. Heart rate was obtained from the elec- 
trocardiogram and blood pressure by femoral arterial 
line. Regional myocardial nutrient blood flow was 
assessed from the clearance of xenon-133 after direct 
intracoronary injection. Imaging was performed in 
the 40° left anterior oblique projection with a mobile 
gamma camera. Measurements of both coronary 
arteries were made at rest and 3—7 minutes after 10 
mg sublingual nifedipine. There was no significant 
change in heart rate or mean arterial pressure (98 (3) 
to 96 (4) mm Hg). In 12 distributions supplied by 
vessels that were not significantly diseased flow 
increased significantly by 16%, from a mean of 63:1 
(6:3) to 74-7 (8 1) ml/100 g/min (p < 0:02). In 24 
regions supplied by coronary vessels that were 
significantly diseased mean flow increased from 57:9 
(4 1) to 60-8 (5-9) ml/100 g/min, represenung an 
overall 5% increase in flow. This is in con- 
tradisunction to the effects of sublingual nitrate, 
with which flow fell by 14% (p « 0 01) in distribu- 
tions supplied by coronary arteries with high grade 
obstructions. In regions supplied by collaterals, after 
nifedipine, flow increased from a mean of 38-3 (4-7) 
to 72:6 (8-9) ml/100 g/min, whereas with sublingual 
nitrate collateral flow is reduced. These results show 
that nifedipine taken sublingually acts as a coronary 
vasodilator, and this may be the mechanism for relief 
of angina in patients with obstructive coronary 
disease. 
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Prospective study of atrioventricular 
conduction in patients with sinoatrial disease 


P P Murphy, D B O'Keeffe, Patricia Morton, 
J G Murtagh, M E Scott 

Cardiac Unit, Belfast City Hospital, Belfast, 
Northern Ireland 


Many patients with sinoatrial disease could be 
effectively treated with atrial demand (AAT) pacing 
but for the development of atrioventricular block in 
a few. If this small group could be identified before 
pacemaker implantation it would prevent unneces- 
sary insertion of two leads. A prospective study of 
152 patients paced for sinoatrial disease in the past 
eight years was undertaken. Sixty (40%) patients 
were paced in ventricular demand (VVI) mode. The 
remainder underwent electrophysiological study at 
the time of pacemaker implantation. If atrio- 
ventricular conduction was normal, the patient was 
paced AAI. If abnormal, both ventricular and atrial 
leads were implanted and the patients sequentially 
paced (DVD. Results: 52 patients (34%) were paced 
in AAI mode. Mean age at implantation was 66:6 
years and mean follow up time 29-4 months. No 
patients developed conduction disease requiring 
change of pacing mode. Five patients (9-6%) died. 
- Thirty four patients (22%) were paced DVI. The 
average age at implantation was 66-0 years. Mean 
follow up was 24-7 months. Two patients (3:995) 
died. Average age of patients paced VVI was 72-1 
years and mortality was 12 (20%). A remaining six 
patients were paced in other modes. 

Electrophysiological studies at pacemaker 
implantation in patients with sinoatrial disease can 
identify a patient group who did not develop atrio- 
ventricular disturbance during follow up. Such 
patients can be safely and economically paced in AAI 
mode. 


Relative contributions of fnyocardial elastic 
modulus and cavity geometry in determining 
left ventricular cavity stiffness in man 


D G Gibson, B S Grewel, A L Yettram, J R Dawson 
Brompton Hospital, London, and Department of 
Mechanical Engineering, Brunel University 


'To investigate the relative contributions of geo- 
metrical factors and myocardial elastic modulus (E) 
to overall left ventricular cavity stiffness simulta- 
neous biplane angiograms and micromanometer 
pressures were recorded in 10 patients with left ven- 
tricular disease, and digitised frame by frame. Left 
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ventricular volumes (V) were determined by three 
dimensional reconstruction. Regional left ventricu- 
lar wall stresses were estimated by finite element 
analysis with a 72 brick model, which allowed for 
normal variation in fibre orientation across the wall. 
Values of E were determined by matching the volu- 
metric change with incremental pressure on a frame 
by frame basis, throughout diastasis, from the end of 
rapid filling until the onset of atrial systole. Left 
ventricular cavity compliance, expressed as AV/AP, 
varied widely, from 0-23 to 189 cm? mm Hg. In all 
patients there was a linear relation between E and 
1/(cavity stiffness) throughout diastasis (r > 0-95 for 
all patients). Dimensional analysis indicated its slope 
to be a function of cavity volume, relative wall thick- 
ness, and cavity shape: V(dP/dV). 1/E = k(t? Jr). 
(L! 2/r), where r = minor axis, L = long axis, t = 
wall thickness, and k is a constant. Retrospective 
calculation of cavity stiffness from these data gave r 
= 0-995. 

Thus measured left ventricular cavity stiffness in 
man depends only in part on myocardial elastic mod- 
ulus; it is modified to a large extent by the geo- 
metrical properties of the ventricle and, in 
particular, by cavity shape. 


Can Doppler assessment of left ventricular 
function distinguish hypertrophic 
cardiomyopathy from other causes of diastolic 
dysfunction? 


G Karatasakis, P Nihoyannopoulos, 
D Kambouroglou, Celia Oakley 
Hammersmith Hospital, London 


Analysis of left ventricular filling by pulsed Doppler 
reflects the diastolic function of the heart. The 
specificity of this analysis, however, has not been . 
readily ascertained. To evaluate the incidence of 
diastolic abnormalities we investigated 15 patients 
with aortic stenosis, 52 patients with myocardial 
infarction, 20 patients with hypertrophic cardio- 
myopathy, and 33 normal subjects. From the 
diastolic flow velocity profile, peak velocity (cm/s) 
during the early filling (E wave), the atrial con- 
traction (A wave), and the ratio of A to E wave were 
measured. Twenty nine of of 52 (56%) patients with 
myocardial infarction, nine out of 15 (60%) with 
aortic stenosis, and 14 out of 20 (70%) with hyper- 
trophic cardiomyopathy had at least one of the above 
diastolic indexes outside the 95% confidence limits 
of the contro] group. The E wave was lower in 
patients with hypertrophic cardiomyopathy than in 
normals (53 (15) v 61 (11), p < 0:025), but was 
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similar to the normal subjects in patients with myo- 
cardial infarction and aortic stenosis. The A wave 
was elevated in all three groups of patients when~ 
compared with the normal subjects (39 (10); 56 (11) 
in hypertrophic cardiomyopathy (p « 0:01); 51 (19) 
in myocardial infarction (p « 0:001); and 67 (25) in 
aortic stenosis (p « 0:005)). The A to E wave ratio 
was also raised in hypertrophic cardiomyopathy (1 1 
(0-52); p < 0-005) in myocardial infarction (0-98 
(0:52); (p < 0-001), and in aortic stenosis (1 1 (0:48); 
p < 0-005) when compared with the normal subjects 
(0-69 (21)). The A wave was higher than the E wave 
in 20 out of 52 (38%) patients with myocardial 
infarction, in seven out of 15 (47%) patients with 
aortic stenosis, and in 11 out of 20 (55%) patients 
with hypertrophic cardiomyopathy, but in only two” 
out of 33 (6%) normal subjects. 

Pulsed Doppler shows abnormalities of filling 1n a 
high proportion of patients with hypertrophic car- 
diomyopathy, aortic stenosis,. and myocardial 
infarction. T'he main characteristic of the Doppler 
inflow pattern in these patients is the significantly 
increased velocity during the atrial contraction. Such 
abnormalities of left ventricular filling are more 
common in patients with hypertrophic cardio- 
myopathy than in those with aortic stenosis or myo- 
cardial infarction but not specific for any of the three 
diseases. 


Postoperative cardiac complications in 
elderly patients with fractured femoral neck 


Moira Hainsworth, D Boyle, W Campbell, 
D McCullough, D McAuley 
'The Ulster Hospital, Dundonald, Belfast 


The frequency and principal determinants of cardiac 
complications (myocardial infarction (MI), con- 
gestive heart failure (CHF), and cardiac death 
(CD)), were investigated in 199 consecutive elderly 
patients with femoral neck fractures who were ran- 
domly assigned to receive either general or spinal 
anaesthesia for surgical fixation. Postoperative car- 
diac complications were diagnosed clinically by com- 
parison of preoperative and postoperative 
electrocardiograms and chest x rays, and by esti- 
mating serum concentrations of creatine kinase MB 
(CK-MB). Blood samples were taken immediately 
before operation and for five days after operation. 
MI was defined by CK-MB concentrations of > 35 
U/l and reinfarction as >120% of a raised pre- 
operative value. Cardiovascular and non- 
cardiovascular data in the general anaesthesia and 
spinal anaesthesia groups were similar before oper- 
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ation. Seven per cent of patients had MI before oper- 
ation; this was associated, but not significantly, with 
a 21% reinfarction rate. The distributions of post- 
operative CHF and CD (5-5% and 45%) were not 
significantly different in the group given general ana- 
esthesia. Postoperatrve MI rates, 14% in general 
anaesthesia and 5% in spinal anaesthesia, differed 
significantly (p « 0-05) and general anaesthesia was 
the only significant determinant of postoperative 
MI. MI was not associated with chest pain or elec- 
trocardiographic change and 90% had occurred by 
the third post operative day. Postoperative CHF was 
associated significantly with history or presence of 
preoperative CHF (p < 0:001), preoperative MI (p 
< 0-001), and with age > 80 (p < 0-05). CD was 
significantly associated with preoperative CHF (p « 
0-01) and with perioperative MI (p « 0:05). 


Clinical significance of painless ST segment 
depression on exercise after myocardial 
infarction 


I M Al-Khawaja, A Lahiri, E A Rodrigues, 

E B Raftery 

Cardiology Department, Northwick Park Hospital, 
Harrow, Maddlesex 


In order to investigate the clinical significance of 
painless S'T segment depression on exercise, 105 
patients were studied prospectively six weeks after 
myocardial infarction. Patients underwent stress 
testing by a modified Balke's protocol and left ven- 
tricular ejection was measured within three days of 
the stress test. Thirty one patients were symptom 
free with no ST change (group 1), 28 stopped with 
angina and/or dyspnoea with significant ST depres- 
sion (group 2) 25 were symptom free but had 
significant (71 mm) ST depression (group 3), and 
21 had symptoms with no ST change (group 4). The 
total mean (SD) exercise time in group 3 (9-1 (3 6) 
min) was not significantly different from that in 
group 1 (10 (4 4) min) or group 2 (7:9 (3-3) min), but 
it was significantly different from that in group 4 (6 
(4:1) min) (p « 0-01). Resting ejection fraction was 
53 (11-895) in group 3 but was not different from 
group 1, 49 (11:6)% (p = NS), but was significantly 
higher than in group 2 (45 (13-3)% (p « 0-05)) and 
group 4 (41:6 (17-2)9 (p < 0:02)). During a mean 
follow up of 16 months five patients (20%) in group 
3, 11 patients (35%) in group 1 (p = NS), 15 patients 
(54%) in group 2 (p < 0-02), and 10 patients (48%) 
in group 4 (p « 0-05) developed cardiac events 
(angina, congestive cardiac failure, reinfarction, 
operation, or death). 
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Painless S'T segment depression on exercise six 
weeks after myocardial infarction does not seem to 
reflect impairment of functional capacity or left ven- 
tricular function, or predict cardiac events. 


Dynamic coronary stenosis in patients with 
single vessel coronary artery disease: 
implications for therapeutic intervention 


D Mulcahy, T Crake, P Crean, Jennifer Keegan, 
Christine Wright, K M Fox 
National Heart Hospital, London 


Alteration in coronary vasomotor tone may be 
important in the genesis of ischaemia in patients with 
single vessel coronary artery disease (SVD), and the 
role of f blockers in the treatment of such patients is 
controversial. We studied 10 patients (nine men) 
aged 34—75 (mean 50 years) with SVD. To detect the 
variability in the ischaemic threshold all underwent 
serial treadmill exercise testing at a similar time on 
three days while off all antianginal medications. Nine 
patients also underwent testing with ergometrine off 
treatment. Patients then entered a double blind, ran- 
domised crossover study of a f blocker (atenolol, 100 
mg/day) and a calcium antagonist (nifedipine 10 mg 
three times a day). Assessment was by treadmill 
exercise testing, ambulatory ST segment mon- 
itoring, and angina diaries. All patients had a positive 
treadmill test when off treatment, eight had a posi- 
tive test when on nifedipine, and five when on 
atenolol. Atenolol significantly prolonged the time to 
1 mm ST segment change when compared with both 
nifedipine (8-7 v 5-6 mm, p < 0:01), and no treat- 
ment (8-7 v 5-0 mm, p < 0-01). Atenolol also reduced 
the total duration of ischaemia on ambulatory mon- 
itoring significantly more than nifedipine (22-4 v 
59-0 min, p « 0-05). Two patients showed consid- 
erable variability during treadmill testing in time to 
ischaemia, and a further four patients had a positive 
ergometrine test. In this subgroup with objective 
evidence of altered vasomotor tone atenolol was 
again an effective treatment. 

p Blockade is an effective treatment in patients 
with SVD, even when there is objective evidence of 
alteration in vasomotor tone. 


An in vivo assessment of infarct size 


Ann Tweddel, W Martin, I McGhie, E Winslow, 
R Marshall, I Hutton 
Royal Infirmary, Glasgow 


There is no reliable method of accurately estimating 
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infarct size in the acute clinical phase of myocardial 
infarction. To assess the usefulness of perfusion 
imaging to provide an estimate of infarct size 20 
small pigs (11-8-16-7 kg) had gated thallium scans 
performed before and after medial sternotomy as 
control. Myocardial infarction was produced by two 
stage occlusion of the left anterior descending coro- 
nary artery. Two, 4, 6, or 8 hours after infarction 60 
MBq of thallium-201 was injected intravenously and 
scans gated to the electrocardiograms were attained 
in the anterior and 45? left anterior oblique 
projection. Infarct size was expressed as a percentage 
of the whole left ventricle as seen on the end diastolic 
image and as a mean of two views. Hearts were then 
extracted and counted whole, and the infarct size was 
estimated. The open left ventricle was counted from 
both the endocardial and epicardial surfaces and 
again infarct size was expressed as a percentage of the 
whole left ventricle. The infarct sizes measured from 
the opened left ventricle correlated well with those 
measured in the intact heart (r = 0-93). In vivo 
infarct size varied from 15% to 30% of the left ven- 
tricle. The infarct size estimated in vivo correlated 
well with both that of the opened left ventricle and 
the intact ventricle, but correlation with the intact 
ventricle was better (r = 0-90). Infarcts of greater 
than four hours’ duration were successfully stained 
with tetrazolium and infarct weights correlated well 
with infarct scans. 

In the pig model infarct sizing by gated thallium 
Scans seems to be accurate. This technique can be 
performed in patients and promises to be a method 
of infarct sizing that can be used during the acute 
stage. 


Doppler detected mitral regurgitation after 
myocardial infarction: relation to site of 
infarction and left ventricular function 

D J Flannery, W S McNair, Karen Moore, 

N P S Campbell 

Regional Medical Cardiology Centre, Royal Victoria 
Hospital, Belfast, Northern Ireland 


To assess the frequency and severity of mitral regur- 
gitation (MR) in the chronic phase of myocardial 
infarction (MI) 80 patients bad pulsed Doppler 
echocardiography with assessment of MR and radio- 
nuclide ventriculography with measurement of left 
ventricular ejection fraction (LVEF) both at a mean 
of 42 days after the onset of MI. MR was found in 
14 (35%) of 40 patients in anterior MI compared 
with 17 (4295) of 40 patients in inferior MI (p — 
NS). MR was at least moderate in seven patients 
with anterior MI and in five patients with inferior 
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MI. Mean LVEF in patients with anterior MI and 
MR was 0-27 (0 07) and it was 0:38 (0-12) in those 
without MR (p « 0-005). When MR was at least 
moderate, mean LVEF was 0-22 (0-06) as compared 
with 0:32 (005) when MR was only mild (p < 
0-005). For inferior MI mean LVEF in patients with 
MR was 0-41 (0:11) v 0-45 (0-10) in patients without 
MR (p = NS). There were no significant differences 
in mean LVEF between patients with at least mod- 
erate MR (0:37 (0-11)), mild MR (0 43 (0-11), or no 
MR (0:45 (0-10)). 

Mitral regurgitation 13 not uncommon after MI 
and its frequency in anterior and inferior MI is sim- 
ilar. Both its occurrence and severity 1n patients with 
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Influence of platelets on arrhythmias and 
haemodynamic function during coronary 
occlusion 


S Chakrabarty, P Thomas, T Williams, 

D J Sheridan 

Department of Cardiology, St Mary's Hospital, 
and Department of Biology, Northwick Park 
Hospital, Middlesex 


'To investigate the possible role of platelets 1n medi- 
ating the adverse effects of coronary occlusion we 
studied the occurrence of ventricular arrhythmias 
.and systemic pressure during occlusion of the left 


anterior MI are related to depression of the LVEF.:-anterior descending coronary artery (LAD) in rab- 


The mechanism of mitral regurgitation may be 
different in inferior MI since neither its occurrence 
nor its severity seemed to be related to the LVEF. 


Low dose enoximone is haemodynamically 
effective in refractory heart failure 


K McDonald, R Conroy, E McWilliams, B Maurer 
St Vincent’s Hospital, Dublin, Ireland 


The phosphodiesterase inhibitor enoximone has 
major inotropic and vasodilatory properties. Doses 
of between 3 mg/kg and 6 mg/kg have been used and 
were associated with appreciable side effects. We 
have studied the effectiveness of a lower dose of 
enoximone (100 mg) three times a day in 14 patients 
with refractory heart failure. Baseline values of car- 
diac index (CI), pulmonary capillary wedge pressure 
(PCWP), and pulmonary artery pressure (PAP) were 
measured with a thermodilution catheter. Systolic 
blood pressure (SBP) and heart rate (HR) were also 
measured. All these variables were measured again 1, 
2, 4, 6, and 8 hours after 100 mg of enoximone and 
again at 24 hours after further doses of enoximone at 
eight and 16 hours. During the first eight hours, CI 
increased by 33% from a baseline of 2-07 l/min/m? 
(p < 0:022), PCWP decreased by 33% from a base- 
line of 23:28 mm Hg (p = 0-004), PAP decreased by 
22% from a baseline of 35-92 mm Hg (p = 0:017), 
and RAP decreased by 41% from 9:43 mm Hg (p = 
0-024). SBP and HR showed no significant change 
during this period. At 24 hours a 36% improvement 
in CI (p = 0:02), a 46% improvement in RAP (p = 
0-013), and a 14% improvement in PAP were main- 
tained (p — 0-025). PCWP, SBP, and HR showed no 
significant change from baseline at this stage. One 
patient had nausea. 

Enoximone in low doses is haemodynamically 
effective and well tolerated. 


bits with different states of platelet activation. In 
untreated controls (n = 10) ligation of the LAD 
produced immediate hypotension. Blood pressure 
fell by 17 (3 3) mm Hg at two minutes and ventricu- 
lar fibrillation occurred in 50%. In animals pre- 
treated with platelet antiserum (n — 8) platelets were 
reduced by 9894 from 510 (14) x 10?/1 and LAD 
ligation caused less hypotension (a fall of 6 (0-6) mm 
Hg (p < 0-05 v control) and ventricular fibrillation 
(2595). When platelet activating factor (acety- 
Iglyceryl ether phosphorylcholine) 1 ug/kg was given 
intravenously 10 minutes after the onset of LAD 
occlusion in seven separate control animals it pro- 
duced immediate profound hypotension (a fall of 61 
(5:8) mm Hg in all seven and VF in six). Pre- 
treatment with platelet antiserum (n — 8) substan- 
tially blunted the hypotensive response to the 
platelet activating factor (a fall of 11 (2-1) mm Hg) 
and ventricular fibrillation 1n two (25%) (p < 0-05). 

"These results indicate that platelet activation may 
contribute to the haemodynamic and arrhyth- 
mogenic effects seen during early coronary 
occlusion. 


The mechanism of shock in right ventricular 
infarction 


J E Creamer, J D Edwards 
University Hospital of South Manchester, 
Manchester 


Shock associated with right ventricular infarction is 
well recognised and with appropriate treatment the 
prognosis 1s good. The mechanism of shock in right 
ventricular infarction has been debated. We studied 
seven patients with clinical cardiogenic shock after 
transmural inferior myocardial infarction that per- 
sisted despite appropriate fluid volume replacement. 
All were in sinus rhythm. No patient had been taking 
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B blockers. All had indwelling pulmonary artery 
flotation catheters and femoral arterial lines. T'he 
mean right atrial pressure (21:3 (3:1) mm Hg) 
exceeded the pulmonary artery wedge pressure (16-9 
(3-9) mm Hg). The average mean arterial pressure 
was 48-6 (12-1) mm Hg, mean cardiac index 1:34 
(0-30) 1/min/m?, mean left ventricular stroke work 
index (LVSWT) 6-7 (3:5) gm/m?, and right ventricu- 
lar stroke work index (RVSWI) 0-2 (0-4) gm/m?. 
After treatment with intravenous dobutamine and 
glyceryl trinitrate and varying combinations, mean 
arterial pressure increased to 82.7 (15-3) mm Hg (p 
< 0-01 compared with baseline) and mean cardiac 
index to 2-73 (0-32) l/min/m? (p « 0-001). The mean 
LVSWI increased to 27:6 (9:3) gm/m? (p « 0:01) 
but mean RVSWI was unchanged at 0-5 (0-5) gm/m? 
(p > 0-01). There was no significant change in heart 
rate, mean right atrial pressure (23-0 (2-8) mm Hg), 
or pulmonary artery wedge pressure (19-0 (2-7) mm 
Hg) after treatment. 

Reversal of shock was thus associated with an 
increase in LVSWI but without a concomitant 
increase in RVSWI, which suggests that the proba- 
ble mechanism of shock in right ventricular 
infarction is left ventricular dysfunction. 


The hyperadrenergic heart syndrome 

J E Creamer, A J Camm, P Bouloux, G S Butrous, 
A W Nathan 

St Bartholomew’s Hospital, London 


Patients with palpitation caused by persistent and 
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excessive sinus tachycardia in response to normal 
physiological activities have been called "hyper- 
adrenergic" and it has been suggested that these fea- 
tures are the result of increased sensitivity of cardiac 
B receptors. We have compared the autonomic 
responses of eight hyperadrenergic (HÀ) women 
with those of seven normal women. Heart rate and 
blood pressure were measured supine and with 90^ 
head-up tilt, and again after propranolol 0-2 mg/kg 
alone and propranolol with atropine 0:04 mg/kg. 
The response of heart rate to isoprenaline infusions 
(0:54 pg/min) was measured in supine subjects. 
Mean supine heart rate was 91-6 (14-3) beats/min in 
HA patients and 60-8 (4-2) beats/min in controls 
(p < 0:001). Mean increase in heart rate on tilting 
was 53:9 (23) in HA patients and 28-8 (8-3) in con- 
trols (p < 0:001). There was no significant difference 
in blood pressure between HA and controls and no 
significant change in blood pressure after tilting in 
either group. In the HÀ women mean plasma nora- 
drenaline was 1-79 (0-77) nmol/l when subjects were 
supine and 4-72 (1:12) after tilting and 0-80 (0-78) 
nmol/l in supine controls and 1-83 (0-76) after tilting 
the controls (HA v controls, p < 0-005, both supine 
and after tilting; and supine v tilting, p < 0-02 in 
both groups). There was no difference in plasma 
concentrations of adrenaline between the groups. 
The increase ın ff blocked heart rate on tilting and 
with the addition of atropine was similar in HA 
women and controls. The increase in heart rate dur- 
ing isoprenaline infusion was 9:5 to 15:6 beats/min 
greater in HA women than in controls (p « 0-05 at 
doses up to 1:5 ug/min). 

These results suggest that HA patients have 
increased resting sympathetic tone and an exagger- 
ated sympathetic reflex response to postural change. 


Correspondence 
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Acceleration time in the aorta and pulmonary artery 
measured by Doppler echocardiography in the 
midtrimester normal human fetus 


Sir, 

I wish to take issue with Machado er al (1987,58: 
15-8) who measured aortic and pulmonary artery 
acceleration times in a series of human fetuses and 
inferred that pulmonary vascular resistance was 
increased. They based this conclusion on studies in 
adults that showed that acceleration time is shortened 
in the pulmonary trunk when pulmonary mean 
pressure is increased.’ Machado et al inferred that the 
feta] pulmonary vascular resistance is higher because 
«acceleration times were slightly shorter in the fetal 
pulmonary trunk than the aorta. 

The observation that flow profiles in the aortic and 
pulmonary circuits are different is not new; it was 
reported in the fetuses of sheep by Rudolph.’ It is 
well known that aortic and pulmonary pressures are 
equal in the fetus and that fetal pulmonary vascular 
resistance is high. T'he precise relation of the vascular 
resistances of the aortic and pulmonary circuits has, 
to my knowledge, not been investigated in any animal 
model. Because the ductus is widely patent in utero 
the vascular resistance reflected by events in the 
pulmonary trunk, where Machado et al made their 
measurement, must have reflected the vascular resis- 
tance of the placenta (which is low) and that of the 
lower body of the fetus as well. 

The original observation by Kitabatake ez al 
assumes that acceleration time relates to mean pul- 
monary pressure and consequently vascular resist- 
ance.! There are other more complex factors which 
alter this measurement, including the vascular 
impedance, capacitance of the vascular bed in the 
distal circuit, the intrinsic contracule properties of 
the left and right ventricles’ and the preload condi- 
tions of the two ventricles in the fetus. These factors 
may be quite differen? in the fetus and adult, and 
Machado et al’s inference that the acceleration time 
reflects higher pulmonary vascular resistance seems 
to be too simple. 

It is well known that pulmonary vascular resist- 
ance in the fetus is high although pulmonary and 
aortic pressures are similar. Machado et al provide 
evidence only that there is a slight difference in 
acceleration times, with that of the pulmonary trunk 
measurement being shorter, without examining the 
factors affecting acceleration time which appear to 


be complex and affected by many physiological 
variables. 


Norman H Silverman, 

Pediatric Echocardiography Laboratory, 
University of California, 

San Francisco, California 94143, USA. 
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This letter was shown to the authors, who reply as 
follows: 


Sir, 

Dr Silverman seems to have misunderstood the 
intention of our paper. Apparently he believes that 
we are saying something about the lung fields. But in 
the fetus the pressure in the main pulmonary artery 
reflects the cumulative resistance of the lung fields, 
the lower body of the fetus, and the placenta. 

We found that the acceleration time in the pulmon- 
ary artery in the early human fetus was different from 
that in the aorta. Based on evidence from adults and 
children we felt this indicated a difference between 
the pressures in the two great arteries. We agree with 
Dr Silverman that alternative indices of cardiovas- 
cular function may account for our findings. Those 
he quotes are not measurable in the intact human 
fetus. Our interpretation is supported by further 
work by us that shows that later in pregnancy the 
acceleration times in both great arteries become 
equal; this is consistent with the fall in placental 
resistance as gestation advances. Conversely, when 
placental resistance is abnormally high the accelera- 
tion time in the pulmonary artery is abnormally short 
in late pregnancy. 
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He also makes the classic error of thinking that 
indices derived from the fetal animal model can in 
every respect be extrapolated to the intact human 
fetus. Recent research from many workers who 
looked at different aspects of the fetal circulation 
shows that this is not so."* His statement that “it is 
well known that aortic and pulmonary pressures are 
equal in the fetus" was reported only in the fetal 
lamb. The gestational age at which this relation was 
found is not clear nor is it known how gestation in 
sheep relates to human gestation in terms of fetal 
"development. 

Much work needs to be done in the study of the 
haemodynamic function of the human fetus. But we 
must keep an open mind on the findings and not 
jettison results that do not fit with preconceived ideas 
that are derived from work in a different species with 
quite evident developmental differences. 

Lindsey Allan, Virginia Machado, 

British Heart Foundation Research Centre for 
Perinatal Cardiology, 

Guy's Hospital, 

St Thomas Street, 

London SE1 9RT. 


Notices 


British Cardiac Society 


The Autumn Meeting will be held at the Wembley 
Conference Centre, London, on 22 to 24 November 
1988. The closing date for receipt of abstracts has 
been changed to 24 June 1988 and 1s not as indicated 
in an earlier notice. 

The Annual General Meeting for 1989 will take 
place in Oxford on 6 and 7 April 1989, and the closing 
date for receipt of abstracts will be 6 January 1989. 


European-American cardiology in London 
À combined course organised by the American 


College of Cardiology, British Cardiac Society, and 
European Society of Cardiology will be held in 
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London on 1 to 3 June 1988. Inquiries from those 
residing in Europe to European Cardiology Congress 
Organizatian, Buropean Society of Cardiology, Rue 
Juste Olivier 22, CH-1260 Nyon, Switzerland; from 
those residing in North America to Registration 
Secretary, Extramural Programs Department, 
American College of Cardiology, 9111 Old George- 
town Road, Bethesda, MD 20814, USA. 


International Union of Anglology 


The 15th World Congress of the International Union 
of Angiology will take place in Rome from 17 to 22 
September 1989. Inquiries to Professor Antonio 
Strano, Via di Vigna Stelluti 40, 00191 Rome, Italy. 
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Survival of patients with mild angina or myocardial 
infarction without angina: a comparison of medical 


and surgical treatment 


WILLIAM LPROUDFIT, JOHN R KRAMER, MARLENE GOORMASTIC, 


FLOYD D LGOP 


From the Departments of Cardiology, Cardiothoracic Surgery, and Biostatistics, Cleveland Clinic Foundation, 


Cleveland, Ohio, USA 


SUMMARY A group of 390 patients with mild angina pectoris or myocardial infarction without 
subsequent angina had early coronary bypass operation. Five year survival was significantly higher 
(95-495) than in a similarly selected medically treated group (88:595) reported before. One death 
occurred in the 30 day postoperative period. Five year survival in the 179 patients who had internal 
mammary artery grafts was 98:095. Survival for patients with mild angina and satisfactory left 
ventricular function (96-295) was significantly higher than in the medical subset (91:395). 

In the patient population studied, five year survival was higher in patients who had early bypass 


operations than in those who did not. 


The Coronary Artery Surgery Study has influenced 
selection of patients for coronary bypass surgery. 
The Coronary Artery Surgery Study randomised 
trial was confined to patients who had mild angina or 
myocardial infarction without subsequent angina.' 

'The most unexpected finding was the high survival 
rate in the medical group (“surgery deferred contin- 
gent on worsening symptoms"). A subsequent report 
of the Coronary Artery Surgery Study “randomis- 
able” patients (eligible for randomisation but not 
randomised because of decision by the patient or 
physician) showed similar results for the medical 
group, although. the baseline characteristics of the 
medical subset ciffered considerably from those of 
the medical patients in the randomised study.” In 
another study of patients in the Coronary Artery 
Surgery Study registry who were not randomisable, 
in those with muld angina and satisfactory left 
ventricular funczion five year survival of both the 
medical and surgical patients was 9595.5 Analysis of 
our medically treated patients selected by the Coron- 
ary Artery Surgery Study criteria for the same 46 
month entry period showed lower five year survivals 
than those reported by the Coronary Artery Surgery 
Study for the whole group and for various subsets.* 


Requests for reprints to Dr Wiliam L Proudfit, Cleveland Clinic 
Foundation, 9500 Euclid Avenue, Cleveland, OH 44106, USA 


Accepted for publication 24 November 1987 


This result suggested that a group of similarly 
selected surgical patients might also have lower 
survivals than those reported by the Coronary Artery 
Surgery Study for surgical patients. 


Patients and methods 


The criteria for selection of medical patients were 
similar to the 18 entry criteria used in the Coronary 


‘Artery Surgery Study randomised study, with five 


minor modifications that were intended to increase 
clinical specificity.** These entry criteria were used 
in the present study, except that those patients 
estimated to have 50-69% narrowing of the left main 
coronary artery were included, as in the Coronary 
Artery Surgery Study. In our study of medically 
treated patients, such lesions were grounds for 
exclusion because it was believed that the expected 
prognosis was worse than for disease of two or three 
arteries. An additional deviation was inclusion 
regardless of geographical residence. The practice of 
regular five year survival studies of the first 1000 
patients who had elective pure coronary bypass 
surgery each year made 4000 records available for the 
years 1976-1979. These 4000 patients represent 
41:395 of the patients who had such operations 
during those years. À computer program was written 
to match some of the Coronary Artery Surgery Study 
criteria and 1182 patients were eligible for review. 
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Table 1 Baseline variables in study groups (95) 


Variable A B C An 
Patient (No) 312 25 53 390 
Age (yr): 
Mean 54 55 53 54 
SD 7 6 9 7 
Male (301) 97 (25) 100 (51) 96 (TT) 97 
Angina (Canadian grading) 
Me (0) 0 (0 0 (53) 100 (53 14 
198) 64 (16 64 (0) 0 (214) 55 
I1 114) 37 (9) 36 (0) 0 (123) 32 
use: 

t smoker (19 51 (9 40 e 36 EA 49 
Non-smoker 139 45 13 52 30 57 (182 7 
Unknown (13 4 (2 8 (4 8 (19) 5 

Reported history of: 
Hypertension 102) 33 (9 38 (14 27 (1 32 
Previous MI 110 35 (16 64 (53 100 179) 46 
Heart disease in family (188 60 (11) 44 (28) 53 32 58 
Congestive failure (3) 1 1) 4 3 6 2 
Diabetes mellitus a 6 1) 4 3 6 (21) 5 
Stroke a 0 0) 0 1 2 (2 1 
ASO a ll (1) 4 5) 9 (Al 11 
Medication at entry: 
Nitrites (long-acting) (184) 59 (15) 60 3 66 (234 60 
pope 93) 30 8 32 11 21 (112) 29 
igitalis 15) 5 3 12 13 25) 6 
Antiarrhythmic 12 4 1 4 13 25 26) 7 
Anticoagulant (19 6 1) 4 1 21 (31) 8 
Anuplatelet (6) 2 0) 0 0 0 (6) 2 
Thides By 11 (7) 28 6 li (46) 12 
Other BP medication (31 10 2 8 4 8 BT 10 
Frusemide ( 2 0 0 ¢ 9 ns 3 
Unknown diuretic (0 0 0 0 (0) 0 (0 0 
Lipid lowering (30 10 4) 16 4 8 (38) 10 
None of above (79) 25 4) 160 11 (89) 23 
Diseased vessels (> 70% 
narrowing): 
One (61 20 (3) 12 13 (71 18 
Two (114 37 (6) 24 (24 45 144 37 
Three (137) 44 (10) 64 (22) 42 17 45 
Diseased vessels ( 2: 50946 
Single 1 10 (1) 4 (3 6 (3: 9 
Double 90 29 (4 16 (14 26 108 28 
Tnple (191 61 (20) 80 (36) 68 24' 63 
disease 
(27096 narrowing) (117) 38 (11) 44 (16) 30 (144) 37 
Left ventricular score’ 
Patients (No) 312 25 53 390 
Mean 6 9 8 7 
SD 1 2 2 2 
5 (normal) 144 46 (0 0 (0 0 144) 31 
6 to 10 (slightly abnormal) 162 52 (19 76 (4 89 228 59 
11 to 15 (abnormal) (6 2 (6) 24 (6 n (18 5 
Ejecuon fraction: 
Patients (No) 312 23 53 388 
Mean 71 40 59 67 
SD 9 9 12 13 
2050 (312 100 (0 0 (43) 81 (355) 92 
0 35 to 0 49 0 0 (18 78 8 15 (26 7 
«0-35 0 0 ¢ 22 2 4 2 
Syatolic BP 
Mean (mm Hg) 138 133 130 136 
SD (mm 19 19 19 19 


2160 mm Hg (7) (4T) 15 (3) 12 (1) 13 (57) 15 
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ÜTablel Baseline variables in study groups (95) (continued) 


Variable Á 


ECG findings: 

Q wave MI (96) 

? Q wave MI (95) 

ST depression (95) 

T wave abnormality* (96) 

Conduction defect (95) ® 
LVH 


3 

2 
LA hemiblock (5) 2 ( 
1° AV block 1) 0 
None of the above 2 


Serum cholesterol: 
Patents (No) 
Average ero 
D (mg/dD 
(195) 


Group A: mild angina and ejection fraction > 0:50. 

Group B:mild angina and ejection fraction « 0:50. 

Group C: myocardial infarction wrthout subsequent angina. 

*Di Por inverted T waves in leads in which T shouid be upright 
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B c All 

83 82 84 
10 10 9 

8 (4) 8 (35) 9 
56 an 83 gni 29 
12 (9 17 (42 il 
48 (7) 13 (120) 31 
92 an Tl (182 47 
20 d 2 (14 4 

4 0) 0 (8 2 

4 (0) 0 (6) 2 

0 (0) 0 (1) 0 

0 (0) 0 (101) 26 
25 52 388 

6:80 700 6 95 

131 1.29 131 
60 (28) 54 (238) 61 


MI, myocardial infarction; ASO, arteriosclerosis obliterans, LAD, left anterior descending artery; BP, blood pressure; 
ECG, electrocardiogram; LVH, left ventricular hypertrophy; LA, "left anterior; AV, atrioventricular. 
Except where means (SD) are indicated, the numbers in parentheses are the size of the subgroup and the other numbers are percentages 


to the nearest whole num! 


Because we restricted analysis to patients who had 
catheterisation at the Cleveland Clinic Foundation, 
387 patients were excluded. The remaining 795 
patient records were reviewed to ensure conformity 
with the entry criteria. Class 2 angina in our com- 
puter coding meant distress that was precipitated by 
walking one block or more on level ground, but in the 
Canadian grading system for angina pectoris, used by 
the Coronary Artery Surgery Study, grade II angina 
meant either ability to walk at least two blocks before 
precipitation of distress or conformity with certain 
other criteria.° Recoding the angina eliminated a 
large number of patients whose discomfort was too 
easily precipitated by walking to be classified as 
Canadian grade II. Additional patients were 
excluded on the basis of other Coronary Artery 
Surgery Study criteria and the final study group 
totalled 390 patients, approximately 15% of the 
patients who had pure bypass operations after cath- 
eterisation at the Cleveland Clinic Foundation. 
Groups A and B in the Coronary Artery Surgery 
Study both had mild angina and were separated by 
the ejection fraction, when available. Group A had 
ejection fraction 20-50 and group B «0:50. Group 
C (myocardial infarction without subsequent angina) 
patients had ejection fraction of at least 0-35. 
Ejection fractions were not routinely calculated at 
the time of catheterisation, so films were reviewed 
and the ejection fraction was measured without 
knowledge of clinical or survival information. In two 


cases the films were not available, so assignment of 
both to group B was on the basis of the number of 
areas of the right anterior oblique ventriculogram 
that showed impairment of contractility, according 
to the practice used by the Coronary Artery Surgery 
Study.’ Ventricular scoring was done by the Coron- 
ary Artery Surgery Study method. A score of 5 was 
normal, and scores of 6-10 and 11-15 represented 
mild and moderate left ventricular impairment, res- 
pectively. Electrocardiograms were recoded accord- 
ing to the Minnesota criteria, a modification of which 
was used by the Coronary Artery Surgery Study.’ 

Each patient was followed until death or for a 
minimum of five years from a date 16 days after 
catheterisation, because the mean interval between 
catheterisation and operation was 15:5 days.? No 
patient who met the criteria for entry into the study 
died during the 16 day interval ar before planned 
operation. All deaths are included in the statistical 
analysis. 

We used standard life table methods for univariate 
survival analysis.*Survival curves were compared by 
the generalised Wilcoxon statistic Significance 
levels of 0-05 or less were considered to be statis- 
tically significant. We used the Cox proportional 
hazard model for multivariate analysis’ to test for 
survival differences in the two groups (medical, 
surgical). Baseline factors shown (a) to differ between 
the medical and surgical group and (b) to be related to 
survival were initially forced into the Cox model to 
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adjust for any survival differences related to these 
differences in group characteristics. The difference 
in survival between the two groups was then tested. 


Results 


One of the 390 surgical patients died in the hospital of 
a transmural myocardia] infarction; this was the only 
death that occurred within 30 days of operation. 
Definite transmural myocardial infarction was diag- 
nosed postoperatively in eight patients (2-195) and 
questionable transmural infarction in an additional 
three patients (total of 11 (2-895). 

In some respects the baseline characteristics of the 
390 surgical patients varied considerably from those 
of the 408 previously reported medical patients (table 
1). Group C (myocardial infarction without angina) 
was smaller in the surgical group than in the medical 
(53 versus 111 patients), and this accounted for most 
of the difference in prevalence of myocardial infarc- 
tion in the two groups. Group C was small because 
we are reluctant to advise operations in patients who 
are symptom free after myocardial infarction. 
Thiazide treatment was used in 12% of surgical 
patients and 20% of the medical patients. Narrow- 
ings of at least 70% in one, two, and three coronary 
arteries were found in 18%, 37%, and 45% of the 
surgical groups, respectively, and 36%, 40%, and 
25% of the medical group. The proximal anterior 
descending artery (before any branches) was more 
commonly affected in the surgical patients than in the 
medical patients (37% versus 21%). Other baseline 
characteristics were similar in the medical and sur- 
gical groups. 

Five year survival of surgical patients was not 
significantly different for the following subsets: age 
(«50 and 250 years), duration of symptoms (« 52 
and > 52 months), smoking before operation (yes or 
no), diabetes mellitus (yes or no), arteriosclerosis 
obliterans (yes or no), systolic hypertension (< 160 
and > 160 mm Hg), diastolic hypertension (< 100 or 
2 100 mm Hg), serum cholesterol («6:46 and 
> 6:46 mmol/L), electrocardiogram (normal or abnor- 
mal), number of arteries affected (one, two, or three), 
left main artery 50-69% narrowed (yes or no), 
ejection fraction («0-50 and 20:50), and clinical 
group (A, B, and C). Statistically significant differen- 
ces were found for subsets identified by ventricular 
score (5, 6-10, and 11-15; p = 0-04); number of 
arteries affected in group A patients (one, two, and 
three; p = 0-05); and internal mammary artery graft 
(done or not done; p < 0-01). The five year survival 
of 179 patients who had internal mammary artery 
grafts as part of their operations was 98-9%, and it 
was 92% for those who had saphenous vein grafts 
only (p = 0 007). Survival was lower in the eight 
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patients who had perioperative myocardial infarction 
than those who did not (75 and 96%; p = 0-005). The 
one postoperative death was caused by myocardial 
infarction; the five year survival of the seven who 
survived perioperative infarction was not significan- 
tly different from those who did not have myocardial 
infarction (p = 0-25). 

The figure shows survival curves for surgical 
patients and for the medical group reported 
previously. Table 2 compares the five year medical 
and surgical survivals for the groups and for some 
subsets. Some of the subsets are small, so statistical 
comparisons are of doubtful meaning. Five year 
survival was 8594 for 256 medical patients with 
multivessel disease and 95% for 319 surgical patients 
(p « 0:001). For those less than 50 years old medical 
and surgical survivals were not significantly 
different, but 44% of medical patients and 20% of 
the surgical group had single vessel disease. Mul- 
tivessel disease in those aged less than 50 was 
associated with survival of 84% (70 patients) in the 
medical group and survival of 94% (78 patients) in 
the surgical group (p = 0-12). Survival of group A 
patients with multivessel disease was also higher 
(95% versus 88%) for the surgical group than for the 
medical group (p = 0-01). 

Table 2 also shows survival of subsets of patients 
who had internal mammary artery grafts as part of 
their operation. Survival was higher for those who 
had interna] mammary artery grafts than for the 
whole surgical group and for various subsets except 
for patients with single artery disease, all of whom 
survived. Survival of those patients less than 50 years 
old with multivessel disease was 100% if internal 
mammary artery grafting had been done (41 
patients), compared with 84% (70 patients) for 
similar medical patients (p = 0-01), 

We used a Cox model to compare the outcome of 
medical and surgical treatment, after adjusting for 
age, number of arteries significantly narrowed, ejec- 
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Fig Surmval curves of 401 patients treated medically 
ımnally and 390 who had early bypass surgery. 
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Survival of patients with mild angina or myocardial infarction without angina 


Table2 Five year survival (%) of medical and surgical patients 


Medical 
Group All Patients 
Overall 89 (401) 
Age: 
«50 90 (125) 
250 88 (276) 
ECG: 
Normal 93 (101) 
Abnormal 87 (300) 
Number of vessels (> 70%) 
Single 95 (145) 
Double 88 OF 
Triple 80 ( 
Proximal AD 83 (82) 
Ejection fracnon 
«50 79 (46 
250 90 (353) 
Score 
5 95 (130) 
6-10 86 (246) 
11-15 76 (25) 
Group 
A 91 (26 
B 72 
Cc 85 (109) 
Group À: number of vessels 
Single 96 (111 
Double 91 ( 
Triple 85 (61) 
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Surgical 
All Patiems IMA 
95 (390) [0 001] 99 (179) [<0 0001] 
95 (97) (0 34] 100 (51) [0 07] 
96 (293) [0 0007] 98 (128) [0 0005] 
94 (288) 0 09] 98 Ce 0 20} 
94 (288) [0 004] 99 (128) [0-0003] 
100 (71) [0:14] 100 (38) [0 45] 
93 (144) [0-20] 98 (64) [001] 
95 (175) [0:0001] 99 (77) [0 0002] 
95 (144) [0 003] 99 (65) [0 002] 
91 (33)[0 27] 100 (9) [0 40] 
96 (355) [0 004] 99 (168) [0-0002] 
99 (144) [0-12] 100 (70) [0 07] 
94 (228) [0 01] 98 (103) fo 002] 
89 (18)[0 33] 100 (6)[0 20] 
96 (312) [0 03 99 (149) [0 003] 
88 (25)[O 19 100 (8)[O 11] 
94 (53) [0-19] 100 (22) [0 17] 
100 (61) [0 09] 100 (35) [0 21] 
93 (114) [0 68] 98 (55) [0 07] 
97 (137) [0 002] 98 (59) [0-01] 


IMA, internal mammary artery graft was a part of the surgical technique. 
Proximal AD, anterior descending coronary artery narrowed >70% before any branches. 
Number of patients are given in parentheses and p value of medical v surgical comparisons are 1n square brackets. See methods secnon for 


explanation of score. 


Ejection fractions are missing in two medical and two surgical patients. See footnote to table 1 for defininon of groups A, B, and C. 


tion fraction, and electrocardiographic findings 
including myocardial infarction. There was a sig- 
nificant difference between the two treatment groups 
in five year survival (p — 0-0002). 

Table 3 shows causes of death in the medical and 
surgical groups. Non-cardiac deaths in the medical 
group exceeded those in the surgical group, but the 
difference was not significantly different. 


Discussion 


The results of randomised prospective trials are best 
tested by repetition of the trial. Frequently this 
approach is practical, but in the case of coronary 
artery disease with mild angina pectoris or myocar- 
dial infarction without angina, repetition is not 
feasible. We are not questioning the validity of the 
Coronary Artery Surgery Study trial of treatment of 
mild angina or myocardial infarction without sub- 


sequent angina, but rather the clinical applicability of 
the survival findings. T'he Coronary Artery Surgery 
Study group recognised the problem and attempted 
to provide an answer by studying non-randomised 
patients in their registry.?? Survivals were similar to 
those of randomised patients. Randomised trials and 
observational surveys cannot be compared directly 
even if meticulous attention is paid to duplication of 
entry criteria in the observational studies. The cln- 
ician interprets randomised trials in terms of the 
patients that he sees rather than as academic exer- 
cises, and usually would not apply the 18 entry 
criteria of the Coronary Artery Surgery Study to his 
patients. So the results of the trial may not be 
generally applicable. Because entry criteria can be 
uniform in an observational survey the results may 
more closely resemble those of a randomised trial 
than those of ordinary clinical experience. At least 
the reproducibility of survival results of non- 
randomised patients in the Coronary Artery Surgery 
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Table3 Causes of death (5 years) 





Medical Surgical 
(390) 





Cause (401) Total 
Myocardial infarction 30 9* 39 
Congestive heart failure 3 i : 
Arrh 1 

e ow 3 2 5 
Non-cardiac 9 4 13 
Unknown 0 3 3 
Total 46 19 65 





*Includes one postoperative death. 
Numbers in parentheses are total number of panents followed up 
five years. 


Study may be tested in an independent group of 
patients. 

A study of patients who initially were medically 
treated, and selected on the basis of the Coronary 
Artery Surgery Study criteria for randomisation, 
showed lower survivals for the whole group and most 
subsets than similar patients of the Coronary Artery 
Surgery Study.’ Lower survival might be caused by 
some unrecognised baseline variable, and surgical 
patients might also have lower survival, unless opera- 
tion negated the influence of the variable. Lower 
survival after operation would influence the compar- 
ison with medical survival. In our comparison of 
medical and surgical results, survival was higher for 
surgical patients than for medical patients for the 
whole group and for all the subsets. The medical and 
surgical survival curves continue to diverge at five 
years. Subsets with high ventricular scores or low 
ejection fractions were small. Restriction of the 
analysis to patients with multivessel disease and 
ejection fraction of at least 0-50, as in the European 
Coronary Artery Surgery Study, showed significant 
difference in survival after medical and surgical 
treatment.!! Survival rates for all subsets were higher 
in patients who had internal mammary artery grafts 
as part of their operative procedures than for those 
not stratified by operative procedure; except for 
patients with single artery disease, all of whom 
survived. A similar advantage for internal mammary 
artery grafts has been reported for patients selected 
on other bases.'? 

The Coronary Artery Surgery Study reported 
higher survival of surgical patients who had low 
ejection fractions than that of similar medical 
patients.! In the present study surgical survival was 
also higher, but the difference was not significant 
statistically, perhaps because of the small numbers of 
patients. 

The 390 patients of this survey were selected from 
4000 who had coronary bypass operations without 
additional procedures (valve operation, aneurysmec- 
tomy, etc). For many years the first 1000 such 
patients each year have been followed up every five 
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years. The 4000 patients from the years 1976 to 1979 
constituted 41% of eligible patients from the entire 
period. All had operation during the first five or six 
months of the year, but it is likely that they reflect the 
total experience. The 390 surgical patients in this 
survey were only a small percentage of the total 
patients having operation, but this was also true of 
the Coronary Artery Surgery Study investigation.’ 
This observational study suffers, just as the 
Coronary Artery Surgery Study "randomisable" 
study and all other observational studies do, from the 
questionable comparability of the different treatment 
groups. We have tried to address this issue by using 
statistical analyses that adjust for apparent group 
differences. One can never be sure that all confound- 
ing factors have been accounted for. The information 
gained from the careful analysis of observational data 
is still of interest and is sometimes the only recourse 
when a clinical trial is not feasible. In this case, we 
tried to test the clinical applicability of the results 
from a randomised prospective trial by matching the 
criteria for patient selection. Although survival was 
lower for our medical patients than that reported by 
the Coronary Artery Surgery Study, surgical 
survival was similar to that of the Coronary Artery 
Surgery Study and significantly higher than that of 
medical patients. The survival of our surgical 
patients is the same as that of the "randomisable" 
patients in the Coronary Artery Surgery Study if 
operative deaths (1 in 390 versus 7 in 570, respec- 
tively) are excluded.? The reason for the difference in 
survival of medically treated patients from that 
reported by the Coronary Artery Surgery Study is 
not apparent, but if it is ascribed to some unidentified 
difference in baseline characteristics these must have 
been nullified by operation. If survival of medically 
treated patients with mild angina and fairly normal 
ejection fractions is as high as reported by the 
Coronary Artery Surgery Study, the wisdom of 
advising early angioplasty or bypass surgery for. 
improvement in prognosis in patients with mild 
symptoms might be doubted, unless differences 1n 
survival appear later. The lower survivals of our 
medically treated patients and those in the European 
Coronary Artery Surgery Study suggest that other 
studies of patients meeting the Coronary Artery 
Surgery Study criteria should clarify the clinical 
applicability of the results of the Coronary Artery 
Surgery Study." Improved survival of surgical cases 
in which internal mammary artery grafting was part 
of the operative procedure means that future com- 
parisons of medical and surgical treatment should 
include operative technique as a prognostic variable. — 
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Ventricular arrhythmias in long term survivors of 
orthotopic and heterotopic cardiac transplantation 
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SUMMARY Fourteen long term survivors with orthotopic (recipient heart replaced by donor heart) 
and nine with heterotopic cardiac transplants (recipient heart retained) had 24 hour ambulatory 
electrocardiographic monitoring to detect ventricular arrhythmias. Arrhythmia was uncommon in 
the patients with orthotopic transplants; none of them had more than one extrasystole per hour. In 
the patients with heterotopic cardiac transplants the recipient’s own heart showed significantly 
more frequent ventricular arrhythmias than the corresponding donor heart: abnormal complexes 
(mean/24 h) 4583 vs 42-7; extrasystoles 1772 vs 17-8; pairs 121 ws 0-8. There was no relation 
between the abnormal ventricular activity of the two hearts in the patients with heterotopic 
transplants on a beat by beat, hourly, or 24 hour basis. There was no consistent diurnal variation in 
the frequency of the abnormal ventricular beats after cardiac transplantation. The occurrence of 
ventricular arrhythmia was unrelated to the interval from operation to the study. 

In long term survivors of cardiac transplantation the denervated heart shows a little ventricular 
ectopic activity even when compared with normal hearts. In patients with heterotopic transplants 
ventricular arrhythmias commonly occur in the recipient’s own heart; these are probably related to 


’ the underlying severity of the original disease. 


Ventricular arrhythmias during ambulatory mon- 
itoring have been reported to be more frequent in 
patients after conventional orthotopic cardiac trans- 
plantation than in normal subjects."? Most of these 
arrhythmias occur soon after the operation." Little is 
known about their occurrence, possible causes, and 
potential influence on prognosis in late survivors of 
cardiac transplantation.’ 

The development of two channel electrocardiogra- 
phic recorders and computerised analysers permits 
the separate identification of the QRS complexes of 
the two hearts (donor and recipient) after heterotopic 
cardiac transplantation and a quantitative simultan- 
eous study of the ventricular arrhythmias of both 
hearts during Holter monitoring. 

The purpose of our study was to (a) find out how 
common ventricular arrhythmia was in the den- 
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ervated heart late after transplantation, (b) to assess 
whether ventricular arrhythmia was more common 
after heterotopic transplantation than after orth- 
otopic transplantation, and (c) to compare the 
occurrence of ventricular arrhythmia in the den- 
ervated donor and innervated recipient hearts in 
patients with heterotopic transplants. 


Patients and methods 


Fourteen men with orthotopic (mean (SD) age 45 (8) 
years) and nine patients with heterotopic (eight men 
and one woman, age 42 (10) years) cardiac transplants 
were studied by ambulatory 24 hour electrocar- 
diographic monitoring. Donor hearts were obtained 
from individuals aged 22 (7) years. The surgical 
techniques are described elsewhere.5" The interval 
from operation to the study varied from six to 42 
months (mean 20) in the orthotopic and from seven to 
18 months (mean 11) in the heterotopic transplanta- 
tion group. Most of the patients were taking a 
mixture of drugs (cyclosporin, azathioprine, predn- - 
isolone, aspirin, dipyridamole, and diuretic) but no 

patient was on an antiarrhythmic drug. All patients 

were symptom free, ambulant, and performing their- 
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Ventricular arrhythmas in long term survivors of orthotopic and heterotopic cardiac transplantation 
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Figl Typical electrocardiographic trace from 24 hour 
Holter momtoring of a patient with a heterotopic cardiac 
transplant. Channel 1: donor’s (d) and recipients (r) QRS 
complexes are clearly distingutshable Channel 2: recipient’s 
(r) QRS complex is dominant. 


usual daily activities. Each patient kept a detailed 
diary of activity and symptoms. The most recent 
biopsy specimen was normal 1n 21 patients but two 
patients showed evidence of mild rejection. 


ELECTROCARDIOGRAPHIC RECORDING 
Ambulatory 24 hour electrocardiograms were re- 


corded on Oxford Medilog II recorders with two | 
channels. The skin was carefully prepared and elec- © 


trodes were placed to record modified lead V1 and V4 
in patients with orthotopic transplants. In patients 
with heterotopic transplants a modified V4R lead was 
recorded instead of V1 to permit better separation of 
the two QRS complexes. Because the donor heart lay 
to the right of the recipient heart its QRS complex 
was clearly delineated in V4R whereas in lead V4 the 
QRS complex of the recipient’s own heart was 
dominant. Figure 1 shows a typical electrocardio- 
graphic trace from a patient with a heterotopic 
cardiac transplant. 


ARRHYTHMIA ANALYSIS 

We used a computerised template system (J John- 
ston, Oxford), based on a QRS pattern recognition 
that could classify QRS complexes into different 
families, to analyse the ventricular arrhythmias. The 
system consisted of a Z80A pre-processor and a DEC 
LSI-11 master. The normal QRS complex was 
defined by the operator and recognised by the system 
thereafter. Any unrecognised QRS complex was 
screened carefully by the operator and if its shape 
indicated a ventricular origin or abnormal ven- 
tricular conduction it was classified and subsequently 
recognised as an “abnormal complex”. We used the 
following definitions: extrasystole, an abnormal com- 
plex with a coupling interval less than 80% of the 
previous RR interval; pair, two consecutive abnor- 
mal complexes; run, three or more abnormal com- 
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plexes with a rate less than 120 per minute; ven- 
tricular tachycardia, three or more ventricular 
extrasystoles with a rate greater than 120 per minute. 
Figure 2 shows an example of ventricular extrasys- 
toles from the donor and the recipient heart of a 
patient with a heterotopic transplant. 

Every electrocardiographic tape from the group 
with heterotopic transplants was analysed twice and 
the dominant QRS complex on each channel was 
identified separately. In the heterotopic transplant 
group we attempted to correlate the frequency of the 
abnormal complexes and ventricular extrasystoles in 
the two hearts during the whole 24 hour period and 
also on an hourly basis. In addition, we attempted to 
study the possible temporal relation between 
individual extrasystoles 1n the two hearts 

The times of waking up and sleeping were noted 
and the mean rates of abnormal complexes and 
extrasystoles during sleep and wakefulness were 
calculated in both groups. 

Finally, 1n both groups we examined the severity of 
arrhythmia and the interval since operation to see 
whether there was a correlation. 


STATISTICAL ANALYSIS 

All data are expressed as mean values (1 SD). We 
used the paired or unpaired Student's t test and the 
non-parametric Wilcoxon test as appropriate. 


Results 


CLINICAL CHARACTERISTICS 

Not surprisingly, the donor hearts were obtained 
from individuals who were younger than the 
recipients (p « 0-001). T'he ages of the donors and 


Channel 1 
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Fig2 Electrocardiographic trace of a patient with 
heterotoptc cardtac transplantation with extrasystoles from 
both hearts. Channel 1: donor's (d) QRS complex ts 
dominant. Channel 2: reapient's (r) QRS complex is 
dominant. d' and d" , extrasystoles from donor's heart. r' and 
r”, extrasystoles from recipients heart. 
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the recipients in the orthotopic and heterotopic 
transplant groups were not significantly different. 
The mean interval from operation to the study was 
longer in the orthotopic group than the heterotopic 
transplantation group (p « 0:02). 

No symptoms were reported by patients during 
the 24 hour study period. 


ARRHYTHMIAS 

Tables 1 and 2 shows the number of the “abnormal 
complexes", extrasystoles, pairs, and runs in the two 
groups of patients. Ventricular tachycardia was not 
seen in any patient. Nine (39%) out of the 23 
denervated hearts had no abnormal ventricular 
activity at all and in rest such activity was infrequent. 
'This low occurrence of ventricular arrhythmia was 
similar in the donor hearts of both groups. We saw 
many abnormal complexes and extrasystoles in the 
recipient hearts of those patients with heterotopic 
transplants. 

Analysis of the arrhythmia frequency in those with 
heterotopic transplants on a 24 hour or hourly basis 
showed no relation between the two hearts. The 
occurrence of an extrasystole in the one heart did not 
correlate with the presence of an extrasystole in the 
other heart. 

'Table 3 shows the frequency of abnormal com- 
plexes per hour during sleep and waking. Abnormal 
complexes were less common during sleep in four 
donor and two recipient hearts in the nine patients 
with heterotopic transplants. In the orthotopic group 
three of the eight patients with abnormal ventricular 
activity showed a decline in the frequency during 
sleep. The occurrence of extrasystoles during the 24 
hour period was also reduced during sleep. 

Finally, the occurrence of abnormal complexes or 
ventricular extrasystoles was unrelated to the time 
since operation in both the orthotopic and 
heterotopic groups. 
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Tablel Complexes with abnormal ORS shape and 
ventricular arrhythmmas detected during 24 hour monitoring 
m patients with orthotopic cardiac transplants 





Abnormal 
No complexes Extrasystoles — Pars Runs 
1 e 0 0 0 
2 5 2 0 0 
3 Q 0 0 0 
4 21 19 1 0 
5 9 9 0 0 
6 0 0 0 0 
7 9 9 0 0 
8 0 0 0 0 
9 3 2 0 0 
10 H 1 0 0 
1 1 3 0 0 
12 0 0 0 0 
13 0 0 0 0 
14 29 6 2 1 
Mean 59 36 03 01 
Discussion 


We are unaware of any previous reports of Holter 
monitoring of ventricular arrhythmias in patients 
with heterotopic cardiac transplants. This is perhaps 
because patients with this type of cardiac transplan- 
tation (where the original heart is retained) are rare 
and it 1s difficult to separate the QRS complexes of 
the two hearts during ambulatory monitoring. We 
found that the occurrence of ventricular arrhythmias 
was similar in the donor hearts of patients with 
orthotopic and heterotopic transplantation, so 
differences in surgical technique and haemodynamic 
function do not seem to influence significantly the 
occurrence of ventricular arrhythmia. In contrast, 
the recipient hearts of the heterotopic transplantation 
group showed substantially greater ventricular 
arrhythmia, probably because of contributory factors 
such as the presence of severe coronary or myocardial 
disease, possible dysfunction of the autonomic 
regulatory pathways,*”° and surgical trauma. 


Table 2 Complexes unth abnormal QRS shape and ventricular arrhythmias detected during 24 hour monitoring in patients 


with heterotopic cardiac transplants 








Donor heart 

Abnormal 
No complexes Extrasystoles — Pairs Runs 
1 20 20 4 0 
2 0 0 0 0 
3 4 4 0 0 
4 8 8 0 0 
5 0 0 0 0 
6 0 0 0 0 
7 11 11 3 0 
8 4 2 0 0 
9 337 115 0 0 
Mean 427 178 08 


Compared with the donor heart: *p < 005. tp < 001 


Recipient heart 
Abnormal 
beats Bxtrasystoles Pars Run: 
14608 3421 410 241 
2337 860 23 0 
41 35 6 0 
18 18 2 2 
19 17 0 0 
222 200 0 d 
2658 7599 90 91 
25 13 0 0 
11317 3788 563 318 
4583T 17721 121* 
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Table3 Number of abnormal complexes per hour while patients were awake and asleep 


tae RA Ee e 




















Heterotopic Orthotopic 

Donor Reerpient Donor 
No of No of 
patient Awake Asleep Awake Asleep patient Awake Asleep 
1 13 01 256 1302 2 1 
2 0 0 115 69 4 1 0 é 
3 01 05 19 17 5 02 08 
4 04 0 04 17 7 03 03 
5 0 0 09 09 9 01 0 
6 0 0 72 128 10 0 01 
T 06 02 328 845 11 03 0 
8 03 0 12 H 14 17 07 
9 72 27 687 40 





Ventricular arrhythmias were uncommon in the 
denervated transplanted heart; they were no more 
common than in normal individuals.’ Only one 
denervated heart in this series showed more than a 
hundred extrasystoles in 24 hours; again this is 
probably within normal limits. The infrequent 
occurrence of ventricular arrhythmias during contin- 
uous ambulatory electrocardiographic monitoring in 
patients after orthotopic cardiac transplantation 
accords with previous studies,''* although in these 
patients arrhythmias were less vigorously measured. 

Several factors may be implicated in the arrhyth- 
mogenesis after cardiac transplantation. Supersen- 
sitivity to circulating catecholamines,^ rejection 
episodes, and accelerated atherosclerosis? could 
favour the production of arrhythmia in the donor 
heart. But the low frequency of extrasystoles implies 
that such factors have a limited role. In the 
innervated hearts of the heterotopic group severe 
underlying disease (coronary artery disease, conges- 
tive cardiomyopathy) is the most likely cause for the 
increased numbers of arrhythmias. The lack of 
correlation between the arrhythmia in the donor and 
recipient heart underscores the importance of the 
different aetiological factors causing extrasystoles. In 
addition, the absence of simultaneous occurrence of 
arrhythmia indicates either lack of effect of the 
stimuli common for both hearts, such as hormonal 
factors and physical activity, or different bases for 
these stimuli in each heart. 

Unlike normal subjects" we found no overall 
reduction in extrasystoles during sleep. Denervation 
of the donors’ hearts and autonomic dysfunction?“ 
of the severely diseased recipient's own hearts might 
be responsible for the absence of a diurnal variation. 
It was interesting that some of the denervated donor 
hearts did show a reduction in extrasystoles during 
sleep; this probably reflects the lowered plasma 
catecholamines seen during sleep, with perhaps some 
added amplification caused by denervation supersen- 
sitivity. 


Despite the frequent occurrence of extrasystoles in 
the recipient heart our patients did not report 
dizziness or palpitations. This presumably reflected 
the relatively small contribution of the recipient 
heart to total cardiac output. 

Our study is limited by the short duration (24 
hours) of electrocardiographic monitoring, since 
there is a significant day to day variability in the 
frequency of extrasystoles in patients with 
innervated hearts!5; there is no formation on such 
variability after cardiac denervation. The generally 
low occurrence of arrhythmia suggests that there will 
be less day to day variation in counts. 

In conclusion, ventricular arrhythmias were no 
more common in donor hearts than in normal 
individuals. In contrast, the very high occurrence of 
ventricular extrasystoles in recipient hearts was 
probably related to their underlying severe disease. 
There was no evidence of simultaneous arrhythmia 
in both recipient and donor hearts. 


References 


1 Berke DK, Graham AF, Schroeder JS, Harrison DC. 
Arrhythmias in the denervated transplanted heart. 
Circulation 1973,47-48(suppl I11):112-5 

2 Harrison DC, Mason JW, Schroeder JS, Stinson EB. 
Effects of cardiac denervation on cardiac arrhythmias 
and electrophysiology. Br Heart J 1978;40(suppl): 
17-23 

3 Mason JW, Sunson EB, Harrison DC. Autonomic 
nervous system and arrhythmuas: studies in the trans- 
planted denervated human heart. Cardiology 1976; 
61:75-87. 

4 Schroeder JS, Berke DK, Graham AF, Rider AK, 
Harrison DC. Arrhythmias after cardiac transplanta- 
tion. Am J Cardiol 1974;33:604-7. 

5 Romhilt DW, Doyle MRN, Sayar KB, ez al Prevalence 
and significance of arrhythmias in long-term 
survivors of cardiac transplantation Circulation 
1982;66(suppl I):219—22. 

6 Stinson EB, Dong E Jr, Iben AB, Shumway NE. 


652 


Cardiac transplantation in man. ITI Surgical aspects. 
Am J Surg 1969;118:182-7. 

7 Yusuf S, Mitchell A, Yacoub MH. Interrelation bet- 
ween donor and recipient heart rates during exercise 
after heterotopic cardiac transplantation. Br Heart J 
1985;54:173-8, 

8 Eckberg DL, Drabinsky M, Braunwald E. Defective 
cardiac parasympathetic control in patients with heart 
disease. N Engl J Med 1971;285:871-83. 

9 Covell JW, Chidsey CA, Braunwald E. Reduction of the 
cardiac response to postganglionic sympathetic nerve 
stimulation 1n experimental heart failure. Cire Res 
1966;19:51-6. 

10 Gaffney TE, Braunwald E. Importance of the adrener- 
gic nervous system in the support of circulatory 
function in patients with congestive heart failure. Am 
J Med 1983,34:320-4. 

11 Kostis JB, McCrone K, Moreyra AE, et al. Premature 
ventricular complexes in the absence of idennfiable 
heart disease. Circulation 1981,63:1351—6. 

12 Brodsky M, Wu D, Denes P, Kanakis C, Rosen KM. 
Arrhythmias documented by 24 hour continuous 
electrocardiographic monitoring in 50 male medical 
students without apparent heart disease. Am J 


Alexopoulos, Yusuf, Bostock, Johnston, Sleight, Yacoub 


Cardiol 1977;39:390-5. 

13 Sobotka PA, Mayer JH, Bauernfeind RA, Kanakis C Jr, 
Rosen KM. Arrhythmias documented by 24 hour 
continuous ambulatory electrocardiographic mon- 
itoring in young women without apparent heart 
disease Am Heart J 1981;101:753-9. 

14 Bexton RS. Electrophysiology of the. transplanted 
human heart. Oxford University, 1983. MD thesis. 

15 Yusuf S, Theodoropoulos S, Mathias CJ, et al. 
Increased sensitivity of the denervated transplanted 
human heart to isoprenaline both before and after 
beta-blockade. Circulation 1987;75:697—704. 

16 Uretsky BF, Mural: S, Reddy PS, et al Development of 
coronary artery disease 1n cardiac transplant patients 
receiving immunosuppressive therapy with cyclo- 
sporine and prednisone. Circulation 1987;76:827~34. 

17 Lown B, Tykocinski M, Garfein A, Brooks P. Sleep 
and ventricular premature beats. Circulation 
1973,48:691—701. 

18 Morganroth J, Michelson EL, Horowitz LN, Joseph- 
son ME, Pearlman AS, Dunkman WB. Limitations of 
routine long-term electrocardiographic monitoring to 
assess ventricular ectopic frequency. Circulation 
19778,58:408—14. 


uw 


Br Heart J 19885,59:653—62 


The reliability of measuring left ventricular ejection 
fraction by radionuclide cardiography: evaluation by 
the method of variance components 
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SUMMARY ÀA statistical model based on the method of variance components was applied to obtain 
confidence statements for single and repeat determinations of left ventricular ejection fraction by 
radionuclide techniques. With this approach variance caused by individual factors in the 
measurement procedure is estimated to allow calculation of confidence intervals based on single 
measurements and the detection limits for changes. Six study groups made up of a total of 143 
subjects were examined by both multigated equilibrium and first pass imaging. Under favourable 
conditions (with an updated gamma camera and experienced observer) the 95% confidence interval 
with a single measurement of left ventricular ejection fraction by equilibrium imaging was + 3 
ejection fraction units, compared with + 6 units with the first pass technique (one ejection fraction 
unit = 1/100 of the possible values from 0-00 to 1-00). The minimal significant changes (at the 5% 
level) in measured equilibrium left ventricular ejection fraction at intervals of 15 min, 3 days, 1, 3, 
and 4 weeks were + 4, + 4, + 5, + 5, and + 6 units, respectively. The corresponding minimal 
detectable changes in a subject's “true” left ventricular ejection fraction for the same intervals were 
+7, +7, + 10, + 10, and + 12 units respectively. With first pass imaging, only average values for 
the variation at repeat determination could be calculated. The minimal significant change in 
measured first pass left ventricular ejection fraction was + 7 units, and the minimal detectable 
change in “true” left ventricular ejection fraction was + 14 units. Measurements of left ventricular 
ejection fraction by equilibrium technique were generally more reproducible than first pass 
determinations because the variability caused by study acquisition, observer analysis, and residual 
errors was smaller. 

The method of variance components appears to be well suited to the evaluation of quantitative 
biological measurements in clinical use. T'he popularity of established procedures may obscure the 
lack of basic information about method evaluation. 


Promising new quantitative laboratory methods are 
often evaluated by standard statistical techniques 
that cannot answer the questions that are most 
relevant to the routine clinical application of the new 
method. When radionuclide techniques are used to 
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measure the left ventricular ejection fraction the 
crucial questions are: 1f the ejection fraction is 
measured once in a patient what 1s with 95% 
probability the “true” ejection fraction of the 
patient? And what changes in the ejection fraction 
can be detected at repeat determination after an hour, 
a day, a week, or a month? To answer these questions, 
we have applied a statistical approach that has rarely 
been used in medical studies to a comprehensive 
analysis of measurements of left ventricular ejection 
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fraction by multigated radionuclide equilibrium 
imaging, and we have examined some aspects of the 
variability of measurements obtained by the gated 
first pass technique. The mathematical description of 
this method of variance components has been 
reported elsewhere.' In the present paper we shall 
concentrate on the clinical aspects of the assessment. 


Patients and methods 


STUDY POPULATION 

Data sets were collected from six study groups made 
up of a total of 143 subjects (aged 29—73 years) who 
gave their informed consent to the study. T'here were 
14 healthy volunteers who were examined with 
approval of the Copenhagen County Scientific- 
Ethical Committee. The patients that we studied all 
had heart disease. 

Group ! was 29 patients with coronary artery 
disease examined by both equilibrium imaging and 
contrast ventriculography in order to determine the 
accuracy of the radionuclide method. Three 
inexperienced observers carried out the data process- 
ing of the radionuclide studies; one of them repeated 
the analysis later. The cineventriculograms were 
analysed 1n duplicate by an experienced radiologist. 

Group 2—Twenty seven patients were randomly 
selected from groups 1 and 3. In all of them one 
equilibrium study was followed immediately by 
another. The two examinations were carried out by 
two inexperienced observers who positioned the 
camera and patient and did the subsequent computer 
processing of the acquired data. 

Group 3 was made up of 21 patients with ischaemic 
heart disease or chronic heart failure or both. They 
had two equilibrium imaging examinations 1—3 days 
(median 3) apart, and all data processing was perfor- 
med by one inexperienced observer. 

Group 4 consisted of 19 patients: 10 with previous 
myocardial infarction, seven with ischaemic heart 
disease, and two with arterial hypertension. The 
variation in left ventricular ejection fraction within 
the same hour was examined by performing four 
successive equilibrium studies, which were started 
every 15 minutes. The patients also had first pass and 
equilibrium imaging performed at the same time of 
the day at intervals of one, three, and four weeks. 
Data processing in this group was undertaken by an 
experienced observer. Data were complete for 16 of 
the 19 patients. 

All patients in groups 3 and 4 were considered to be 
clinically stable and their medications were not 
changed during the study period. 

Group 5—Four normal subjects and 30 patients 
with previous myocardial infarction were examined 
only once by equilibrium imaging. Data were proces- 
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sed twice by both a medium and a highly experienced 
observer for comparison with the results obtained by 
the inexperienced observers in group 1. 

Group 6 consisted of 10 normal subjects and 30 
patients with recent myocardial infarction who were 
examined once by first pass and then immediately 
afterwards by equilibrium imaging. Data were 
processed by two highly experienced observers to 
compare the accuracy of first pass with that of 
equilibrium determinations and to measure inter and 
intra observer variation with the two methods. 


RADIONUCLIDE CARDIOGRAPHY 
Gated equilibrium imaging 
In all the studies we used red blood cells labelled with 
stannous pyrophosphate and 20—30 mCi (740-1110 
MBq) *"TC-pertechnetate. In vivo labelling was 
used in groups 1, 2, and 3; and in vitro labelling in 
group 4. We used a modified in vivo/in vitro tech- 
nique? in groups 5 and 6. An individual left anterior 
oblique view (25'—45^) was used in all studies to give 
the best separation of the left ventricle from other 
heart chambers. In groups 1, 2, and 3, 24 frames were 
obtained per RR interval in a 32 x 32 word matrix 
and a total of three million counts were collected with 
a single crystal gamma camera equipped with a low 
energy (140 keV), high resolution, parallel hole 
collimator. In groups 4, 5, and 6 data were acquired 
in a 64 x 64 word matrix and five million counts 
were collected in 20 (groups 4 and 5) or 32 frames 
(group 6) with an updated version of the same gamma 
camera. All data were obtained with the patients in 
the resting supine position. Ín groups 3 and 4 the 
angulation of the gamma camera was noted initially 
in each patient and reused in the repeat studies. 
Under these conditions and after background 
correction and standardisation as 20 frames per RR 
interval for all studies, the recorded activities from 
the left ventricular region of interest in the end 
diastolic frame were on average approximately 
2] 000 counts with in vivo labelling, 32 000 counts 
with in vitro labelling, and 17 000 with the modified 
in vivo/in vitro technique. These figures, however, 
are not directly comparable because they are influen- 
ced by the size of the patient, the size of the left 
ventricle, and the proportion of high activity struc- 
tures (such as the spleen) in the field of view. The 
stability of red cell labelling was examined in the in 
vitro groups by comparing the concentration of 
activity in two blood samples drawn at an interval of 
45 minutes and counted on the collimator surface 
with correction for delay and radiation decay. The 
average blood activities in the two series of samples 
were 17-87 and 17-01 cps/ml, corresponding to a 
calculated biological half time of approximately 10-5 
hours. 
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Data were initially stored on floppy discs and later 
analysed by a dedicated medical computer system. 
The ejection fraction (EF) was calculated according 


w— to the general formula: 


A 


EF = EDC ~ ESC 
BDC 
where EDC and ESC are the background corrected 
end diastolic and end systolic counts respectively. 
The outline of the left ventricle was defined by a 
semiautomatic edge detection algorithm. Resultant 
end diastolic and end systolic regions of interest were 


` visually inspected and manually corrected whenever 


inaccuracies were noted. In groups 1, 2, and 3 we 
used a background region of interest situated 
inferolateral to the left ventricle in the end systolic 
frame, avoiding high activity structures (aorta, 
spleen, and gastric wall). In groups 4, 5, and 6 we 
used a similarly located area that contained only the 
pixels with lowest activity during three successive 
systolic frames (end systolic frame + one)? 


First pass imaging 

The first pass studies (groups 4 and 6 only) were 
performed as previously described? with the gamma 
camera in a standard 30° right anterior oblique 
position and before the multigated studies. In short, 
left ventricular ejection fraction was measured after 
gated reframing (16 frames per RR interval) of the 
original first pass data that were collected in list mode 
with R wave trigger marks. The left ventricular 
outline was drawn manually on composite pictures 
representing end diastole and end  systole 
respectively. For background correction we used a 
crescent shaped region of interest drawn along the 
apical border of the left ventricle on the composite 
end systolic picture. Left ventricular ejection 
fraction was calculated from the dual background 
corrected time-activity curves generated from the left 
ventricular end diastolic and end systolic regions of 
interest. We used the maximal activity of the diastolic 


V ^ region curve for end diastolic counts and the minimal 


activity of the systolic region curve for end systolic 
counts.’ With bolus injections of 20 mCi (740 MBq) 
of "Tc left ventricular counts in the end diastolic 
frame were on average 2620 (range 860—4398) after 
background subtraction. 


Ejection fraction unit 

Left ventricular ejection fraction is a fraction, but is 
commonly expressed as a percentage. The term 
percentage 1s ambiguous when applied to changes in 
left ventricular ejection fraction. For this reason we 
give all confidence statements and changes in left 


Be ventricular ejection fraction in “ejection fraction 


units? (one unit is 1/100 of the theoretical range from 
0-00 to 1-00). 
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CINEVENTRICULOGRAPHY 

In group 1 single plane angiograms (50 frames/s) 
were obtained in the 30° right anterior oblique 
projection after injection of 45 ml of Urografin 370 
(meglumine  diatrizoate (66%) and sodium 
diatrizoate (10%)) at 12 ml/s. The end diastolic and 
end systolic outlines, including papillary muscles and 
trabeculations, were traced and the volumes were 
calculated by the area-length principle’ with a 
digitiser. One observer measured the left ventricular 
ejection fraction twice, at an interval of several 
months, on the original film. On each occasion the 
end diastolic and end systolic frames were identified 
by drawing the respective provisional ventricular 
outlines. The film was wound to and fro to ensure 
that these were the largest and smallest perimeters. 


STATISTICAL ANALYSIS 

Regression analysis per se was not part of the 
variance component model. It was carried out, 
according to the least squares principle,’ to examine 
the accuracy of the two radionuclide methods and to 
allow this to be compared with the results obtained 
by other methods. Possible deviation from the line of 
identity was tested for by an F test,’ and we used both 
the paired r test and Pratt's non-parametric test for 
paired samples‘ to test for differences between left 
ventricular ejection fraction values measured by the 
radionuclide and reference method. 


Method of variance components 

We examined the separate elements that may 
contribute to the total variability of the measurement 
of left ventricular ejection fraction. One 
measurement of left ventricular ejection fraction (X) 
was regarded as being made up of: 

X-—£t Am + Aig T Sow t Aa 
where € is the normal current level for X, A, the 
“error” introduced by replacing the general true 
value by the actual value at the time of acquisition, 
A, the error introduced by replacing the “true” 
value (Č + Am) by an examination value (x ray or 
radionuclide), A w the error caused by the observer’s 
analysis of the acquired study, and A,,, the residual 
error—that 1s the error not accounted for by any of 
the above. The four As were assumed to be indepen- 
dent with a mean value = 0 and the following 
variances: t for Agnes (T ~ time), a? for A, (a ~ 
acquisition), w* for ^, (co ~ wbserver), and p? for 
Aiea (p ~ pesidual). We have attempted to estimate 
the different values for these variances and their 
corresponding standard deviations (a) when left 
ventricular ejection fraction was measured by x ray or 
radionuclide technique; (b) if the observer was 
experienced or less experienced; and (c) if the 
gamma camera was old or new. 
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Below we give the results.of the regression analyses 
and the main outcome of the variance component 
model. All results of this model were originally 
calculated as variances. We give them in round 
figures as the more familiar standard deviations (SD), 
which are easier to interpret because they are expres- 
sed in ejection fraction units. It should be remem- 
bered, however, that an SD derived from several 
sources of error is the square root of the sum of the 
respective variances not the sum of the separate SDs. 


LEFT VENTRICULAR EJECTION FRACTION BY 
MULTIGATED EQUILIBRIUM IMAGING 

Accuracy.— The sets of values obtained by the two 
methods were not significantly different (paired t 
test, p % 0:64; Pratt's test p > 0-10). The regression 
line for cineventriculography (x axis) and 
equilibrium imaging (y axis) (fig la) was not 
significantly different from the opposite regression 
line (equilibrium technique (x axis) and cineventri- 
culography (y axis)), and neither line differed 
significantly from the line of identity. 

Intraobserver variation—The variation in 
duplicate processing by the same observer of the 
same stored patient studies was larger with cine- 
ventriculography (fig 2a) than with equilibrium 
imaging (fig 2b) (SD « 4-4 compared with 1-9). With 
the new gamma camera and greater observer 
experience the intraobserver variation at reanalysis 
was reduced to an SD of 1-1 for an observer of 


0-9 


y= 0-83x «0.07 I 


LVEF (EQ) 





0-9 


Fig 1 
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medium experience and of 1-0 for an observer of great 
experience. 

Interobserver variation—The variation found 
when the same radionuclide studies were reanalysed ` 
by different observers—or the "variability of 
judgment”’-—that is the sum of observer and residual 
variances also decreased, from SD œ 2:5 for an 
inexperienced observer with the older gamma camera 
to 1-9 for a more experienced observer and 1-1 for a 
very experienced observer, both with the new gamma 
camera. 

Acquisition variation.—This was studied for only 
the older camera. Two inexperienced observers 
performed two equilibrium studies immediately after 
one another in the same patients. We found an SD of 
approximately 0-8, which was substantially lower 
than with cineventriculography. The SD for 
cineventriculography was not determined separately, 
but the combined SD attributable to acquisition plus 
observer variation was about 6-9. When the same 
gamma camera angulation was used for all studies in 
the same patient the acquisition SD was reduced to 
less than 0:3. 

Rehlability.—L.eft ventricular ejection fraction 
measured by x ray was equal to the radionuclide 
measurement (+196 SD) when the SD was 
calculated from the total (x ray + radionuclide) 
variability of a single measurement. This composite 
SD was 28-6 for an old camera and inexperienced 
Observer, ~ 8:4 for the new camera and more 
experienced observer, and ~ 8:3 for new camera and 
a highly experienced observer. In all three instances 
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Relation between values for left ventricular ejectwn fraction (LVEF) measured (a) by single plane 


cineventriculography (CV) and equilibrium imaging (EQ) and (b) by equilibrium (EQ) and first pass (FP) 


technique. Dotted lines indicate the line of identity. 
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Fig 2 Intraobserver variation at recalculation of left ventricular ejection fraction (LVEF) from patient studies obtained by 
(a) cineventriculography (CV), (b) equilibrium imaging (EQ), and (c) first pass technique (FP). Dotted lines indicate 
the line of identity. 
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Fig 3 Variations in left ventricular ejection fraction (LVEF) for repeat measurements at different times by 
equilibrium imaging (a and b) and by the first pass technique (c). 
5 the SD was almost entirely attributable to 
EF radiological variation. ; 

A Variation with time-—At re-examination there 
nt were insignificant differences in heart rate and mean 
= arterial blood pressure. Mean (SD) measured 
$3 

e e 
5 Table 1 Estimated 95% confidence lomts for single 
zg 24 measurements of left ventricular ejection fraction (LVEF) 
Ei by equilibrium ( Eq) and first pass (Fp) imaging 
51 
ñ Observer 
Method Camera experience 95% confidence interval 
0 1 2 3 4 5 Eq Old Low Measured LVEF + 5 EF units 
z (weeks) Eq NY ee Measured TUER z 1 EE units 
OT H B] Measured units 
Ww Fig4 The standard deviation as a function of time at FR New High Measured LVEF + 6 EF units 
repeat measurement of left ventricular ejection fraction by PRAET er eee 


equihbrium imaging. EF, ejection fraction. 


658 
Table2 Minimal significant 


Heilund-Carlsen, Lauritzen, Marving, et al 


changes in measured radionuclide left ventricular ejection fraction (LVEF) and mmmal 


detectable changes in “true” LVEF (figures in parentheses) at repeat determination at different times 











Interval between two studies 

Radhonuchde Gamma Same Observer 

T camera experience 1 hour 3 dayi 1 week 3 weeks 4 weeks 
Equilibrrum Old No Low +7 (13) +7 m +8(1 +8 (15) +9 (14) 
Equilibrium New No Medium +6 (11) +6011 +7 m £7 13) +8 (14) 
Equilibrrum New No High t4 +4 (7) +6 (10 +6 (10 +6 (12) 
Equilibrium Old Yes Low #6 (11) +6 (11) +7 Ti in x8(14) 
Equilibrium New Yes Medium +47) +47) +6(11 £6(11 +7 (12) 
Equilibrium New Yes +407) +4 (7) +5 (10) +5 (10) +6 (12) 
First pass New No High +8 (15) 
First pass New Yes High +7 (14) 


With first pass imaging 
values (placed in the 4 weeks’ column) is given for this technique. 


equilibrium left ventricular ejection fraction was 
1 (1) (range 0—5) for reacquisition within the same 
hour and 3 (2) (range 0-7) after four weeks (fig 3a and 
b). There was a clear tendency for increasing 
variation with time (fig 4). 

Confidence statements —Table 1 gives the 95% 
confidence intervals for single measurements. Table 
2 lists the values of the minimal significant changes in 
measured left ventricular ejection fraction and the 
minimal changes in “true” left ventricular ejection 
fraction that could be detected with 95% confidence 
at repeat determination at different intervals. 


Equilibrium 

New equipment 
High experience 
Equilibrium 

New equipment 
Medium experience 


Low experience 


First pass 
New equipment 
High experience 


Cineventriculography 
Old equipment 
High experience 


Q 1 2 3 4 
Standard deviation in EF units 


only an average value for the varianon at repeat determination could be calculated. Consequently only one set of 


LEFT VENTRICULAR EJECTION FRACTION BY 
FIRST PASS IMAGING 

For the evaluation of this technique we included only 
values for left ventricular ejection fraction measured 
by the new camera and study analysis performed by 
two highly experienced observers. 

First pass left ventricular ejection fraction values 
were on an average 1 ejection fraction unit higher 
than equilibrium left ventricular ejection fraction 
(range —4to +9, p < 0-01), with the regression line 
deviating slightly from the line of identity (fig 1b). 
The variability was generally higher than with 
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Fig5 Graphic representation of standard deviations attributable to study acquisition (a), observer analysis 
(interobserver variation) (œ), and residual errors (intraobserver analysis) (p) with the three methods of measuring 
left ventricular ejection fraction. a and œ were not determined separately for cineventriculography. Standard 
deviations atiributable to the time variation are not shown because they were calculated only for the equilibrium 


method. 
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equilibrium imaging. Thus the standard deviations 
of first pass acquisition, observer, and residual 
variances were 1:7, 1-3, and 2-1, respectively, 
compared with equilibrium worst case and best case 
figures of 0-8, 1-6, 1-9, and 0-3, 0-5, 1-2 respectively, 
and compared with the much greater radiological 
variances (fig 5), in which, for example, there was an 
observer SD of 4-3. The reliability was: equilibrium 
left ventricular ejection fraction = (first pass left 
ventricular ejection fraction — 1) + 7 EF units. 

Table 1 gives the confidence interval for single 
determinations of the left ventricular ejection 
fraction measured by the first pass technique. Table 2 
gives the average detection limits at repeat 
measurement within four weeks. 


Discussion 


In method comparison studies many workers often 
use correlation analysis without considering whether 
this is a valid approach. As Altman and Bland pointed 
out,’ the correlation coefficient does not measure 
agreement; it measures association. When two 
methods are compared the correlation coefficient 
depends on the range of the true values and the 
measurement errors of both methods. If the range of 
values is wide compared with the measurement error 
ther value will be high, whereas if the range is narrow 
and the methods are imprecise the correlation will be 
low.’ 

Another commonly misused technique is linear 
regression analysis; testing the slope of the regression 
line against zero is equivalent to testing the 
correlation coefficient.’ With the least squares 
principle there is a tendency for the slope to be 
underestimated, and in addition many ignore the 
error inherent in any measurement of either 
dependent or independent variables. To compensate 
for this, we carried out the regression analysis twice, 
first using x ray left ventricular ejection fraction as 
the dependent variable, and then with radionuclide 
left ventricular ejection fraction as the dependent 
variable. We used regression analysis to examine the 
accuracy of both radionuclide methods so that our 
results could be compared with previously published 
results. 

Other and more simple approaches have been 
proposed for method comparison studies’ because 
linear regression is not suitable for estimation of the 
relative precision of the methods compared. Instead 
we used a variance component model. Before 
discussing the application, we review other reports 
on the evaluation of radionuclide measurements of 
left ventricular ejection fraction. 


PREVIOUS INVESTIGATIONS 
Correlation coefficients in studies that compared first 
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pass left ventricular ejection fraction with single 
plane cineventriculography range from 0-79 to 0-97 
(mean 0-89). The few reported standard errors of 
the estimate (SEE) range from 3 to 8 ejection fraction 
units (mean 6 units).°°""4"" In studies to compare 
multigated equilibrium imaging and single plane 
ventriculography the average r value was 0-84 (range 
0-70-0-92),? 2161?! and values for SEE were 11, 5, 
and 7 units.” Comparisons with biplane ventri- 
culography gave an r value of 0-94 (SEE 7) with the 
first pass technique,” and values of 0-88 (SEE 6) and 
0-93 with the equilibrium method.” ? 

It is difficult to compare the reported results on 
reproducibility. The radionuclide methods differ 
considerably,* and the variability of repeat assess- 
ments is influenced by the selection of patients and by 
the proportion of patients with normal left ven- 
tricular ejection fractions. Some studies are 
small," 5 and most deal with only a few aspects of 
reproducibility." 92225795 There is a tendency to use 
the same incorrect methods, and variability is 
expressed in various ways without taking into 
account all the contributory factors. This precludes 
the calculation of the relevant confidence intervals 
and detection limits. It is seldom stated how mean 
differences between sets of values were calculated, 
with sign or as the average numerical difference, or if 
a mean difference of X% was the percentage of an 
ejection fraction value or the difference expressed in 
ejection fraction units. Even more elaborate 
studies*? use conventional methods that cannot give 
estimates that answer the most pertinent questions. 


PRESENT INVESTIGATION 

Because we cannot measure true left ventricular 
ejection fraction we cannot be certain that a method is 
accurate if there is no standard with which to 
compare it. What we can do is to compare two 
methods, which we believe measure what they are 
intended to do, and if we find "sufficient" agreement 
we postulate that they are accurate. The degree 
of disagreement that is tolerated is determined 
arbitrarily. 

In the present study we found no statistical 
differences between equilibrium imaging left 
ventricular ejection fraction and angiographic left 
ventricular ejection fraction by linear regression or 
by two tests for matched pairs. On the basis of these 
results we decided that the radionuclide method was 
accurate. The outcome of the regression analysis was 
similar to that which has been reported by 
others. 71°97! We assumed that the two methods 
measured the same variable, albeit with different 
precision. Because the variability of the radiological 
method was so much greater (fig 5) it seemed 
irrelevant to calculate and use for later corrections an 
equation that expressed the “reliability” of the 
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radionuclide method—that is its ability to predict the 
corresponding radiological left ventricular ejection 
fraction. Figure 1 shows that the variability of 
equilibrium imaging left ventricular ejection fraction 
was independent of the absolute magnitude of left 
ventricular ejection fraction. Consequently, all 
variances, changes, etc, were given in absolute 
figures. It seemed inappropriate to express the 
variability of ejection fraction determinations as the 
coefficient of variation, because this relates the 
standard deviation to the mean value, which may be 
unrepresentative of the individual patient. 

First pass values were on average one unit higher 
than equilibrium imaging left ventricular ejection 
fraction, in accordance with the finding in a previous 
study.” This minor discrepancy might reflect 


differences between methods in background correc« 


tion and delineation of the aortic valve plane. 

With the variance component model we could 
demonstrate changes in variability when the 
circumstances of measurement were changed. For 
single determinations of left ventricular ejection 
fraction the 95% confidence interval fell from +5 
ejection fraction units with the old camera and an 
inexperienced observer to + 3 units with the new 
camera and an experienced observer (table 1). 
Because the variability of the first pass method was 
usually higher (fig 5) the confidence interval with new 
equipment and an experienced observer was wider 
than for equilibrium imaging with an old camera and 
an inexperienced observer (table 1). 

The reliability of measuring changes in ejection 
fraction by a particular method may be judged in two 
ways. Both depend upon (a) the inherent variability 
of the measurement procedure and (b) what is judged 
to be, in advance, the acceptable frequency of false 
positive results, for example 5%. Firstly, with repeat 
measurements what change in measured left 
ventricular ejection fraction is statistically significant 


(at the 5% level)}—that is, should arouse the’ 


suspicion that a real change might have taken place 
between two measurements? We found that the 
necessary change in measured left ventricular 
ejection fraction was > 1-96 SD. For example, table 2 
shows that when the same observer of medium 
experience uses the new camera for two studies at an 
interval of four weeks then a change of > 7 units in 
left ventricular ejection fraction is significant. 
Secondly, if the “rrue” left ventricular ejection 
fraction of a patient really changes between the two 
measurements, how large does the change need to be 
for it to be detected? This is partly determined by the 
number of false positives that we can accept. In the 
example chosen (table 2, 4 week column), it means 
that if we cannot accept more than 5%, observers of 
medium experience will not discover a change of 
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+11 units, whereas they will probably recognise 
changes of +12 units or more, corresponding to a 
change in true left ventricular ejection fraction of 2 
3:6 SD. In other words, when the true left ventricular 
ejection fraction changes by 12 units after four weeks, 
there is a 9594 chance of detecting a change in 
measured left ventricular ejection fraction of > 7 
units. 

When the same camera position was used for 
repeat measurements the variability in measured left 
ventricular ejection fraction was reduced by «0-5 
units. With observers of medium experience 
variability was reduced if the same person repeated 
the measurement but this had little effect on the 


- variability of measurements obtained by experienced 


Observers (table 2). 


"When we used the equilibrium method variability 


increased with time (fig 4); this is tantamount to a 
decrease in the ability to detect changes in left 
ventricular ejection fraction (table 2). The generally 
higher variabilities of the first pass technique that 
were attributable to acquisition, observer analysis, 
and residual errors obscured this tendency. We 
calculated an average value for the total variability of 
the first pass technique when measurements were 
repeated at different intervals, and we found that the 
average detection limits for a change in measured left 
ventricular ejection fraction was somewhat higher 
than that for comparable values with equilibrium 
imaging (table 2). 

Our analysis was comprehensive, but not ideal 
statistically. It might have been improved if we had 
investigated-some groups several times to test the 
sample distribution, if the data had been trans- 
formed, dnd if the uncertainties in estimation of the 
components of variance had been examined in more 
detail. But such procedures are often impracticable, 


-- eápecially when data comés:from patients. 


CLINICAL IMPLICATIONS 

The variance component method estimates the 
relative impact of the many different sources of error 
and provides a measure of the confidence that can be 
put in observations. For example, cineventriculogra- 
phy or echocardiography in a patient with a true left 
ventricular ejection fraction of 0-35—that is methods 
that may both have a single measurement confidence 
interval of +15 ejection fraction units—may give a 
value from 0-20 to 0:50. When a value lies at the 
extremes, the patient's global left ventricular func- 


. tion. could be mistakenly regarded as being either 


severely reduced or almost normal. The radionuclide 
technique would give an equilibrium value of from 
0-32 to 0-38 and a first pass left ventricular ejection 
fraction of between 0-29 and 0-41 (table 1)—that is 
values close enough to the true value to prevent the 
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functional state being put in a wrong part of the scale. 

When changes in left ventricular ejection fraction 
are measured the need for a method with low 
variability is even greater. All sources of variability 
contribute not once, as in single measurements, but 
twice because the measurement is repeated, and the 
detection limits are not 1:96 times the composite SD 
but 3-60 times SD. The consequences of this are 
different 1n the clinical situation and in the scientific 
setting. In scientific studies a statistically significant 
change in left ventricular ejection fraction may be 
detected in a group of patients if there is a change in 
the same direction in a sufficiently large proportion of 
patients. For the clinician, however, the question is 
whether a measured change in left ventricular 
ejection fraction in an individual patient is caused by 
method variability or whether it reflects a real change 
in true left ventricular ejection fraction. If the 
precision of the method is not good the true answer 
will not emerge and the clinician will have to rely on 
physical signs, which, although accepted- and 
important, are insensitive, non-specific, and not very 
reproducible. 

The evaluation of methods of measurement is 
lagging well behind their clinical application. Many 
published papers do not mention method variability. 
Clinicians should choose their methods of 
measurement after a critical appraisal of all the 
techniques available and not merely use the most 
popular or well established one. 


A detailed description of the statistical model and its 
application to the present material can be obtained 
from P F H-C. This work was supported in part by 
the Danish Heart Foundation. 
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SUMMARY Plasma concentration of f thromboglobulin was used as an index of in vivo platelet 
activation in 26 patients after acute myocardial infarction. Twelve patients had diabetes, seven had 
pulmonary oedema or cardiogenic shock (pump failure) or both, and 17 had uncomplicated 
infarcts, On the first day of admission, concentrations of f thromboglobulin were higher in the 
patients with diabetes and those with pump failure than in those with uncomplicated infarcts. 
Concentrations of f thromboglobulin in the non-diabetic patients were studied by multiple 
regression analysis and were significantly associated with plasma concentrations of adrenaline, 
pump failure, and glucose but not with noradrenaline or infarct size. When all subjects were 
considered together, glucose, adrenaline, and pump failure were associated with the 
B thromboglobulin concentration but diabetes was without significant effect. 

Hyperglycaemia and raised plasma adrenaline concentration after myocardial infarction may 
activate platelets, and this could contribute to poor outcome in such patients. 


Case fatality rates are higher in diabetic patients 
admitted to hospital with acute myocardial infarction 
than in non-diabetc patients, with the principal 
causes of death being refractory heart failure or 
cardiogenic shock (pump failure) or both.'? The 
excess risk of pump failure in diabetic subjects does 
not result from more extensive necrosis"? nor is 
there evidence that more widespread atheroma res- 
tricts the perfusion of non-infarcted myocardium in 
these patients. The role of hyperglycaemia remains 
controversial! 

The primary cause of myocardial infarcuon is 
thrombosis of a coronary vessel and the fate of this 
thrombus is an important determinant of outcome 
after myocardial infarction.” Reperfusion of the 
infarcted myocardium preserves myocardial func- 


Requests for reprints to Dr J S Yudkin, Academic Unit of Diabetes 
and Endocrinology, Archway Wing, Whitungton Hospital, Arch- 
way Road, London N19 5NF. 


Present address Princess Ebzabeth Hospital, St Peter Port, Guernsey, 
Channel Islands 


§Present address Brinsk Medical Journal BMA House, Tavistock Square, 
London WC1H 9]R 


Accepted for publication 26 November 1987 


663 


tion and improves prognosis" * although the levels of 
enzyme release are no less. The process of recanal- 
isation may result from fibrinolysis, and diminished 
thrombolytic activity is associated with several risk 
factors for poor outcome after myocardial infarc- 
tion.” There may be a dynamic equilibrium, 
however, between fibrinolysis, with consequent 
reperfusion, and continuing platelet aggregation and 
thrombosis,'* so that haemostatic variables may also 
influence the possibility of recanalisation.”” 

In patients with diabetes mellitus there is a hyper- 
coagulable state with enhanced platelet activation 
and increased thrombogenesis.'* We have tested the 
hypothesis that in vivo platelet activation is increased 
both in diabetic patients and those with pump failure 
after acute myocardial infarction. We have also 
explored the relation between indices of platelet 
activation and metabolic and hormonal variables in 
such patients. 


Patients and methods 
We studied 36 patients admitted to hospital with 


acute myocardial infarction confirmed according to 
World Health Organisation criteria": 12 consecutive 
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Diabetre Pump fadure — Control 
Pabents admitted [3] 
Myocardial infarct unconfirmed Ld S 
Pabents studied 


Not sampled within. 24h of 
onset of symptoms 


0 
Studied on day 1 T bá 
B thromogtobulin to platelet 1 1 o 
factor 4 rabo <3 


Valid results avaiable for 
analysis on day | 








Studed on day 2 


B thromeglobin to platelet 
factor 4 rabo «3 


Died on day ! 1 3 | 
Vald results avalable for 


! 4 1$ 1 
analysis on day 2 EI » a 


Figi Pateni numbers and design of study. 


patients with known diabetes, one with pump failure; 
seven consecutive patients without known diabetes 
in whom pump failure developed; and 17 non- 
diabetic patients with uncomplicated infarcts. Pump 
failure ‘was defined as a sustained systolic blood 
pressure of « 90 mm Hg, associated with oliguria 
and signs of peripheral circulatory failure, with or 
without clinical or radiological evidence of pulmon- 
ary oedema. This classification corresponds to Killip 
grades C and D.? For each patient with diabetes or 
pump failure that we studied, we also studied the 
next patient admitted without known diabetes with 
apparently uncomplicated myocardial infarction as a 
control. The results from three other non-diabetic 
patients, who were studied as controls, and one 
diabetic patient, were not analysed because clear 
evidence confirming myocardial infarction did not 
develop (fig 1). All patients who had taken drugs 
known to affect platelet function, including those on 
calcium channel blockers, were excluded from the 
study. 

In al patients without known diabetes 
glycosylated haemoglobin (HbA,,) was measured on 
admission; none had concentrations of HbA,, 
indicative of undiagnosed diabetes.” Infarct size was 
assessed by cumulative release of creatine kinase MB 
isoenzyme measured eight hourly for 48 hours?? 
and daily measurement of peak aspartate trans- 
aminase for 48 hours from onset of symptoms. We 
have previously reported a reasonable correlation 
between these two measures of infarct size (r = 0:67, 
n= 28, p < 0-001?5. 

Blood samples were taken after adequate analgesia 
to measure catecholamines, the platelet specific 


proteins B thromboglobulin and platelet, factor 4, . 
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plasma glucose, and HbA,, shortly after admission to 
the coronary care unit and again on the second day of 
hospital admission. There was no significant dif- 
ference in timing of the samples from the onset of ` 
symptoms between any of the three groups (p > 0 3, 
table 2). Blood was sampled from an antecubital vein 
through a 19 G needle without venous stasis. We 
took care to avoid aggregation of platelets in vitro and 
consequent spurious rises in concentration of 
B thromboglobulin.? We used commercial kits for 
radioimmunoassay of p thromboglobulin (Amer- 
sham International) and platelet factor 4 (Abbott 
Laboratories). The within and between assay 
coefficients of-variation for the B thromboglobulin 
assay were 6-9% -and 10-494 and for platelet factor 4 


"they were 7:7% and 6:3% respectively. Samples with 


B thromboglobulin to platelet factor 4 ratios of less 
than 3:1 were excluded from analysis because such 
ratios reliably indicate in vitro platelet activation.” 
Blood for catecholamine assay was taken into 
cooled lithium heparin tubes and stored in an ice- 
water slurry before centrifugation at 4° C at 1500 g 
for five minutes. Plasma was stored at — 20° C until 
assay for plasma adrenaline and plasma noradren- 
aline by high performance liquid chromatography 
with electrochemical detection, as previously des- 
cribed.” The upper limits of normal by this method 
are 1-2 nmol/l for adrenaline and 2-6 nmol/1 for 
noradrenaline and the within assay coefficients of 
variation are 10% and 6% respectively. Glycosylated 
haemoglobin was measured by isoelectric focusing 
with within and between assay coefficients of varia- 
tion of 4-994 and 5:3% . Plasma glucose was assayed 
by an automated glucose oxidase method. Aspartate 
transaminase was measured by a spectrophotometric 
method (AST-optimised, BCL, Lewes, Sussex) and 
creatine kinase MB isoenzyme by an immunological 
method (BCL). Figure 1 and table 1 show the 
number of subjects for whom each assay was satisfac- 
tory. Catecholamine concentrations were not known 


" in two controls. 


STATISTICAL ANALYSIS 

Statistical analysis was performed by Student's t test 
and least squares regression analysis, on logarith- 
mically transformed data if appropriate. Because the 
subgroups were small, these regression analyses were 
also repeated without the observation demonstrating 
the largest influence on the regression coefficient 
(Cook's distance), to exclude the possibility that the 
results were dependent on a single observation. Data 
are presented as the mean (SD) for symmetrically 
distributed data and as median and range for skewed 
data. Multiple linear regression analysis was applied 
to the pooled data for all the patients and to that of the 
non-diabetic patients alone, with logarithmic trans- 
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Table 1 Data for patients for whom valid results were available on day 1 
Peak Cumulatroe 
Platelet aspartate creatine 
B thromboglobulin factor 4 Glucose Noradrenahne Adrenahne transamnase — kinase MB 
Group Age Sex (ng/ml) (nejml) (mmolji) (mmol/l) (1mol]1) (oj) (IUJI) 
Diabetic: 
1 76 M 127 26 88 *6 150 312 419 
2 59 M 1Q 47 163 18 0-15 340 258 
3 46 F 92 12 114 50 0-37 84 238 
4 59 M 41 5 58 15 0-20 3 — 
5 6 M 202 5 179 116 080 — — 
6 58 F 50 4 11-0 37 0-24 308 266 
T 73 F 59 85 8-8 1-7 080 62 186 
8 58 M 57 55 1L6- 3-7 1-10 281 850 
9 54 M 75 18 160 22 068 132 417 
Pump failure 
10 69 F 128 28 96 T5 370 880 1096 
11 72 F 184 7 146 20:7 730 410 1018 
12 53 M 193 27 19-7 10-6 6:23 ux m 
13 70 M 93 12 106 12 063 273 856 
14 80 F 91 23 118 174 2-04 210 497 
15 64 F 186 15 12:8 127 146 588 1542 
Control. 
16 60 M 79 T5 9:1 10:3 310 558 540 
17 57 M 42 6 TT 6:8 600 229 640 
18 5 M 41 5 96 8:4 035 196 532 
19 69 M 64 6 59 32 0 55 197 326 
20 48 M 44 «I 72 28 036 291 703 
21 TT M 84 16 56 8-2 160 95 — 
22 54 M 38 «1 65 2-2 029 397 671 
23 49 M 45 45 8.3 23 0-70 400 821 
24 7 M 46 85 104 62 210 324 730 
25 58 M 33 45 78 3-2 070 223 535 
26 52 M 62 10 10:5 3-9 0-63 580 851 
27 66 F 36 4 78 31 0-36 190 508 
28 6&3 F 48 145 1r3 102 089 630 573 
29 T FE 36 «1 57 102 0-40 119 161 
30 53 F 30 35 65 — — 386 — 
31 59 M 49 119 90 — — 540 — 





formation as appropriate. We used the regression 
function of the SPSS-X program for the analysis, 
and we used dummy variables to explore group: 
differences in slope and intercept. Alternative models 
were tested by. use of sequential forced entry-of the 
variables being tested, and the significance of F- 
change at each step is reported; however, the rela- 
tions being tested by these models are not the only 
- plausible explanation for’ the results. The 
appropriate F values are given for these analyses and 
the slopes of the fitted regression lines in the final 
model are presented with 95% confidence intervals. 
Probability values of p < 0:05 were regarded as 
statistically significant. 


Power of the study 

The numbers studied were adequate to demonstrate 
a 36% increase in plasma concentrations of D throm- 
boglobulin in diabetic patients and a 40% increase in 
pump failure patients at the 5% level with a power of 
0-8. The total numbers of subjects studied were 
sufficient to permit the detection of significant effects 
of individual variables on plasma concentrations of 
B thromboglobulin at the 5% level with a-correlation- 
coefficient of 0-36, implying that the variable deter- 


mines 13% of the variance of B thromboglobulin. 
The regression analyses assume linearity, but there is 
a possibility that some significant effects may be a 
result of a non-linear relation. Non-significant 
‘results, in samples of this size, particularly in sub- 
groups, are not proof of non-association. 


Results 


INFARCT SIZE 

We studied 36 patients with confirmed myocardial 
infarction (fig 1). One patient with diabetes and three 
without died after the development of pump failure. 
In addition, two with diabetes and two without 
diabetes and with apparent uncomplicated myocar- 
dial infarction developed serious dysrhythmias 
(complete heart block in three of the patients and one 
episode of ventricular fibrillation in a diabetic 
patient). There were no deaths from these complica- 
tions. Table 1 shows data on all patients. There was 
no significant difference in ages between the groups 
(p > 0-2). Median peak serum concentration of 
aspartate transaminase and cumulative release of 
creatine kinase MB were significantly greater in the 
controls than in the diabetics (table 2). Infarct size 
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Table 2 Details of age, mfarct size, and plasma f thromboglobulin concentrations in patients studied. Numbers are shoron in 
parentheses 
Symificance ( Student's t test) 7 
Diabetic 
Diabetic Purnp failure 9 pump 
Diabetic Pump failure Control v control v control failure 
Agc (mean (SD)) 60 (9) 68 (9) 61 (9) NS NS NS 
Peak aspartate transaminase 167 (84-340) (11) 410 (210-880) (5)  291(95-630)(17) <0 05 NS <005 
(IUN) (median and range) 
Creatine kinase MB isoenzyme 266 (186-850) (9) 1017 (497-1542) (5) 640 (161-851) (15) <0 02 <005 <0 005 
cumulative release (IU/1) 
(median and range) 
Day 1 
Blood urea iein) (mean (SD)) 69 (1 8) (8) 13 3 (5 1) (6) 6-6 (2 8) (16) NS <0 005 <001 
Admission glucose 11 96 (4 03) (9) 13-18 (3 63) (6) 8-06 (1 80) (16) <0005 «0001 NS 
(mmol/1) (mean (SD) 
Adrenaline (nmnol/l) 068(015-1-50)(9) 50(063-146)(6)  0-7(029—6-0) (16) NS «0 005 «0 001 
(median and range) 
Noradrenaline (nmol/1) 3-7 (1 5-11-6)(9) — 117(12-20 (6) 5:1(2:2-10 3) (16) NS NS <005 
(median and range) 
B thromboglobulin (ng/ml) 67 (41-162) (8)* 156 (91-193) (6) 45 (33-84) (16) «0-002 «0001 NS 
(median and range) 
Platelet factor 4 (nail 10 (4-47) (8)* 19 (7-28) (6) 5 5(<1-16)(16) NS «002 NS 
(median and 
Time from onset id symptoms (h) 12(8-21) 12 (5-24) 15 (4-22) NS NS NS 
(median and range) 
b RM (ng/ml) 45(30-126)(10) 148 (138-167) (3)  42(22-69)(14) NS «0 001 «0-01 
(median and range) 


* Value in diabetic patient with pump failure 13 excluded. 


estimated by cumulative creatine kinase MB release 
was greater in the patients with pump failure than in 
the controls. 


PLASMA CONCENTRATIONS OF 

f THROMBOGLOBULIN 

In seven samples (2 on day 1 and 5 on day 2) the ratio 
of f thromboglobulin to platelet factor 4 was <3, 
indicating possible in vitro platelet activation (fig 1). 
Plasma ff thromboglobulin was highest (202 ng/ml) 
in the diabetic patient with pump failure. This result 
was excluded from the statistical comparisons of 
diabetic and non-diabetic patients. The median 
B thromboglobulin concentration on day 1 in the 
non-diabetic patients with pump failure was sig- 
nificantly greater than that in the control group of 
non-diabetic patients with uncomplicated myocar- 
dial infarction. The median fj thromboglobulin con- 
centration was also significantly greater in the 
diabetic patients than in the control group. Although 
the concentration of blood urea was significantly 
higher in the patients with pump failure, there was no 
relation between blood urea and f) thromboglobulin 
concentration in any group (r = —0:32 to 0-20, p > 
0-2). In the controls there was a weak relation 
between age and f thromboglobulin concentration 
(r = 0-28; p > 0-2) and the mean age difference of 
seven years between the controls and pump failure 
group might explain a difference of only 3:1 ng/ml in 
B thromboglobulin concentrations between the 


groups. On the second day after the onset of symp- 
toms, the median f thromboglobulin concentration 
in diabetic patients was no longer significantly 
different from that in controls (p > 0-1). The median 
P thromboglobulin concentration in patients with 
pump failure remained high; however, three of the 
seven patients with pump failure had died before 
resampling (fig 1). 


DETERMINANTS OF p THROMBOGLOBULIN 
CONCENTRATIONS IN NON-DIABETIC PATIENTS 
WITH OR WITHOUT PUMP FAILURE 


Concentrations of glucose, adrenaline, and 


noradrenaline and cumulative creatine kinase MB ~ 


release were significantly higher in patients with 
pump failure than in controls (table 2) (figs 2a and 
3a). In the non-diabetic patients as a whole there 
were significant correlations between concentrations 
of f thromboglobulin and adrenaline (r = 0-71, p< 
0:0002), glucose (r = 0-73, p < 0-0001), cumulative 
creatine kinase MB release (r = 0:57, p « 0-01), and 
noradrenaline (r = 0-47, p < 0-02). All of these 
correlation coefficients were increased when the 
relations were reanalysed after omitting the observa- 
tion with the largest Cook's distance (r = 0-84, 0-78, 
0:80, and 0-59 respectively). Because there are sig- 
nificant interrelations between these variables? we 
used multiple regression analysis to test the hypoth- 
esis that adrenaline and glucose concentrations 
determine the concentrations of f thromboglobulin 
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Fig 2 The relation between plasma concentrations of $ thromboglobulin and adrenaline m (a) non-diabetic 
and (b) diabetic patients after acute myocardial infarction. 8 , non-diabetic patients with pump failure; O, 
non-diabetic controls; W , diabetic with pump failure; Cl, diabetics without pump failure. Correlation 
coefficients (r) are: non-diabetic patients with pump fatlure, 0-88 (p < 0 01) ; non-diabetic controls, 

0 26 (p = 0 19); diabetic patients without pump failure, 0 04 (p > 0:4). 
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Fig3 (a) The relation between plasma concentrations of B thromboglobulin and glucose in patients after acute 
myocardial infarction. @, non-diabetic patients with pump failure, O , non-diabetic controls, W , diabetic with pump 
failure; C), diabetics without pump failure. (b) Regression lines for plasma concentrations of B thromboglobulin and 
glucose in all subjects (dotted lme)—slope = 0-119 (9595 CI 0 077 to 0-161); in non-diabetic patients with pump 
failure ( P)—slope = 0-066 (959, CI —0 032 to 0 164) ; tn non-diabetic controls ( C)—slope = 0 020 (9595 CI 

— 0:079 to 0 119); 1n diabetic patients without pump failure ( D)—slope = 0-072 (9595 CI — 0 038 to 0 182) 
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Table 3 Multiple regression analysis for determinants of B thromboglobulin levels on day 1 after admission with myocardial 
infarction (a) in non-diabetic parents and (b) m all subjects combined 





(a) Non-chabetics 
Variable (s) Variable F (degrees of 
in model added freedom) Multsple r? Sygnificance 
Adrenaline 19-01 (1,18) 051 « 0 0005 
Adrenaline Glucose 5-87 (1,17) 064 0 028 
Adrenaline, glucose Pump failure (mtercept) 12 18 (1,16) 0 79 «0 005 
Final model 
Slope of fitted too 
Variable regression 95% confidence interval Significance 
Adrenaline 0 138 — 0-022, 0-298 0 087 
Glucose 0 024 — 0-039, 0 087 0 429 
Pump failure (intercept) 0750 0-294, 1 205 0-003 
(5) All cases 
Variable(s) Variable F (degrees of 
in model added freedom) Mulnpla r Significance 
Glucose 33 60 (1,29) 0-54 <0-0001 
Adrenaline 734 d 021 0012 
Glucose Adrenaline 4-78 (1,26 059 0 038 
Adrenahne Glucose 24:20 (1,26) 059 <0 0005 
Glucose, adrenaline Diabetes (intercept) 139 (1,25) 061 0 249 
Glucose, adrenaline, diabetes Pump failure (intercept) 10 17 (1,24) 0-73 0-004 
Final model 
Slope of fitted 
Variable regression line 9595 confidence interval Significance 
Adrenaline 0 104 — (0-039, 0 249 015 
Glucose 0 049 0001, Too Ped 
Pump failure (intercept) 0662 0-234, 1 091 
Diabetes (intercept) 0 362 0 017, 0-707 0 040 





in these subjects. Adrenaline was the major cate- 
cholamine determinant of plasma concentrations of 
B thromboglobulin (table 3a), with plasma glucose as 
an additional factor. In this model, pump failure still 
provided an additional significant contribution, but 
infarct size, estimated by cumulative creatine kinase 
MB isoenzyme release, and noradrenaline provided 
no additional contribution. In the final model, 
however, only pump failure remained as a significant 
variable. 

DETERMINANTS OF f THROMBOGLOBULIN 
LEVELS IN NON-DIABETIC AND DIABETIC 
PATIENTS (TABLE 3B) 

We also used multiple regression analysis to test the 
hypothesis that concentrations of glucose and adren- 
aline determine the raised plasma concentrations of 
B thromboglobulin in all the patients we studied. 
Glucose and adrenaline were both significant deter- 
minants of $ thromboglobulin in this model, and 
each retained a significant effect in the presence of the 
other variable. When glucose was included in the 
analysis, forced entry of diabetes did not contribute 
significantly to fi thromboglobulin. The entry of 
pump failure to the analysis, however, made a 
significant additional contribution as a determinant 
of plasma f thromboglobulin, even when glucose and 


adrenaline were included in the analysis. Infarct size, 
glycosylated haemoglobin A,, and noradrenaline 
were without significant effect. In the final model, 
glucose, pump failure, and diabetes were the only 
significant independent variables. 

Figure 3 shows the relation between simultaneous 
concentrations of plasma glucose and f throm- 
boglobulin in diabetic and non-diabetic patients with 
and without pump failure. There is a significant 
relation between the concentrations of blood glucose 
and f thromboglobulin in all subjects (r = 0-73, p < 
0-001). The regression lines for all three groups did 
not have significantly different slopes, although mul- 
tiple regression analysis showed that the intercept for 
subjects with pump failure was significantly higher 
than that for other subjects (F = 11-88, 27 df, p « 
0:002). Reanalysis of the regression line without the 
observation showing the largest Cook's distance 
improved the relation (r = 0-77, p « 0-001) without 
markedly affecting the slope (0-128, 9594 confidence 
interval 0-087 to 0-169). 


Discussion 
There are several difficulties in interpreting studies 


of platelet aggregation in patients with myocardial 
infarction. In vitro tests of platelet function may not 


v 
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represent the situation in vivo, both because of and that other models are also compatible wıth the 
artefacts implicit in the preparation of platelet rich observed relation. 
plasma,” and because metabolic changes in other In the non-diabetic patients concentrations of 
blood components may also influence platelet — fj thromboglobulin were highest in those with pump 
aggregation.” Some studies of platelet aggregation failure who sustained more extensive infarction and 
after myocardial infarction have demonstrated in whom adrenaline concentrations were high. 
platelet hypoaggregability,”" which may result Platelets have « adrenergic receptors and cate- 
either from dissociation of circulating platelet — cholamines can induce aggregation either directly or 
aggregates during preparation of platelet rich by increasing sensitivity to other agonists. Adren- 
plasma, or from in vivo consumption of the more aline has a more powerful effect than noradren- 
active platelets. Because in vitro studies of platelet aline.” " The number of these æ receptors may be 
aggregation may not reflect the in vivo situation, reduced immediately after myocardial infarction, 
circulating concentrations of « granule proteins have perhaps as a response to the raised concentrations of 
been used to indicate in vivo platelet activation. The catecholamines found then. ^ We have previously 
likelihood of in vitro release of f thromboglobulin is described a relation between plasma concentrations 
increased on admission.after myocardial infarction" of adrenaline early in the course of infarction and the 
which means that such studies must be careful to — size of the myocardial infarction determined by 
exclude data in which there is evidence of in vitro enzyme release.” In non-diabetic patients in whom 
platelet activation.” Previous studies of plasma con- "pump failure develops, it is possible that extensive 
centrations of /fithrombogiobulin after acute initial thrombosis is associated with high adrenaline 
myocardial infarction have generally demonstrated concentrations which enhance platelet activation and 
an increase," € which in one study was more pro- — thrombogenesis, thereby restricting reperfusion; the 
nounced in patients with left ventricular failure or envisaged vicious circle might then only be broken by 
cardiogenic shock," but the data have never been blocking adrenergic stimulation or platelet activa- 
analysed after exclusion of subjects with evidence of tion. A combination of: pharmacological thromboly- 
in vitro activation. It is likely that in future the  sis®” with blockade of platelet aggregation might 
reference standard for evidence of in vivo platelet therefore be a logical approach to the treatment in 
activation will be the concentration of the urinary patients after myocardial infarction. This is currently 
thromboxane metabolite, 2,3-dinor-thromboxane being tested in the ISIS-2 trial. Our results do 
B,.? In one recent study in 14 patients, this did not suggest, however, that the increase 1n platelet activa- 
correlate with infarct size.” tion found in patients with pump failure cannot be 
We have demonstrated significant differences in totally explained on the basis of raised concentrations 
plasma concentrations of f thromboglobulin be- of adrenaline. . "i i 
tween diabetic and non-diabetic patients in the first In diabetic patients platelet activation was 
24 hours after infarction. Moreover, plasma concen- increased after myocardial infarction even in the 
trations of fthromboglobulin were different in absence of putnp failure. Increased concentrations of 
patients with uncomplicated myocardial infarction — f thromboglobulin were reported in diabetic patients 
and those with pump failure. Although this study with or.-without microangiopathy,” -but similar 
cannot establish whether this was a cause or an effect, ^ studies have not been performed in patients after 
the fall in concentrations of f thromboglobulin by myocardial infarction. Patients with myocardial 
the second day in diabetic patients suggests that the infarction in whom the occluded coronary artery 
rise was secondary to the infarction. À recent report, ~ ' does not recanalise have more residual i impairment of 
which showed that radiolabelled platelets are incor- myocardial function!^' but have not been shown to 
porated into thrombus after myocardial infarction, have larger infarcts estimated by cumulative enzyme 
has suggested that such a process may be responsible release.” It is possible that the reports of a higher 
for thrombus proliferation and infarct extension. It incidence of haemodynamic complications in 
is also possible that excess platelet activation might diabetic patients at any given level of enzyme 
prevent recanalisation of a thrombosed vessel. release?” are explicable on the basis of differing 
We studied the determinants of plasma concentra- patterns of reperfusion, determined both by 
tions of f thromboglobulin by multiple regression increased platelet activation and diminished fibrin- 
techniques. Using forced entry of different variables, ^ olysis.' Confirmation of this hypothesis depends on 
we tested the hypothesis that concentrations of the patterns of coronary angiograms" or enzyme 
adrenaline and glucose were largely responsible for release." 
the variance of $ thromboglobulin concentrations in We have attempted to define the determinants of 
patients in different subgroups. Nevertheless, we platelet activation in diabetic patients after myocar- 
recognise that this cannot provide proof of causation, dial infarction. Glucose concentrations seem to be 
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the major determinant of platelet activation without 
any additional contribution from diabetes per se. As 
in non-diabetic patients adrenaline concentrations 
and the presence of pump failure both contributed 
significantly to the concentration of fthrom- 
boglobulin. We have shown that in the unstimulated 
state platelets from diabetic subjects release more 
noradrenaline than platelets from non-diabetic 
subjects,” a finding which may parallel the additive 
effects of hyperglycaemia and adrenaline concentra- 
tions on platelet activation after myocardial infarc- 
tion. The platelet « receptor may have an important 
role general in stress induced aggregation in 
diabetic subjects; enhanced platelet aggregability 
after hypoglycaemia may be simulated in vitro by 
adding similar concentrations of adrenaline, and may 
be blocked by a blockade.® 

We have demonstrated that the relation betsedn 
plasma concentrations of f thromboglobulin and 
glucose is similar in diabetic and non-diabetic 
patients after myocardial infarction. There are two 
possible explanations for these findings. Most sim- 
ply, higher plasma concentrations of glucose in 
diabetic patients after myocardial infarction may 
enhance platelet activation, in which case it might 
follow that tight control of blood glucose concentra- 
tions early in the course of myocardial infarction 
would reverse activation. The excess activation, 
however, may also result from an enhanced sen- 
sitivity of diabetic platelets to circulating cate- 
cholamines, which may mean that control of plasma 
glucose alone would not affect thrombogenesis. 
These hypotheses remain to be tested. 
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Influence of aging on Doppler echocardiographic 
indices of left ventricular diastolic function 
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Health, Bethesda, Maryland, USA 


SUMMARY The influence of age on six Doppler echocardiographic indices of left ventricular 
diastolic function was assessed in 86 normal volunteers aged from 20 to 74 years (mean 36). Five of 
the six indices showed a linear relation with age. Duration of isovolumic relaxation and maximal 
late diastolic (atrial) flow velocity increased significantly with age (r = 0-34 and r = 0-69, 
respectively). Conversely, maximal early diastolic flow velocity, the rate of decrease (deceleration) 
of flow velocity in early diastole, and the ratio between maximal early and late diastolic flow 
velocities decreased significantly with age (r = ~0-30,r = — 0-40, and r = — 0-63, respectively). 
Duration of the early diastolic flow velocity peak did not show a linear relation with age (r — 0-04). 
Comparison of Doppler indices of diastolic performance among different age groups (20 to 29 
years, 30 to 49 years, and 50 to 74 years) also showed an influence of aging on these diastolic 
variables. Isovolumic relaxation was significantly longer in older subjects than in either the 
intermediate or the younger age groups. In addition, both the rate of decrease of flow velocity in 
early diastole and the ratio between maximal early and late diastolic flow velocities were 
significantly reduced in older subjects. Multivariate linear regression analysis showed that after 
adjustment for left ventricular wall thickness and cavity dimension, percentage systolic shortening, 
and heart rate, age continued to correlate significantly with most Doppler indices of diastolic 
function. 

The isovolumic relaxation phase and the early and late filling phases of diastole, as assessed by 
Doppler echocardiography, are importantly and independently affected by aging. Hence the effects 
of age should be taken into account when the normal limits for Doppler indices of left ventricular 
diastolic function are defined. 


aging on Doppler indices of left ventricular diastolic 


Recently, Doppler echocardiography has been used 
performance we obtained Doppler echocardiogra- 


to assess left ventricular diastolic function in patients 


with various cardiac diseases and in normal 
subjects.’ Indices of diastolic function obtained by 
Doppler echocardiography have also been shown to 
correlate well with those measured by either contrast 
angiography’ or radionuclide angiography.’ Some 
determinants of left ventricular filling assessed by 
Doppler, however, seem to be affected by age.’7" 
Such age related changes in left ventricular filling 
patterns may be important in defining normal values 
for Doppler indices of diastolic function. 

To achieve a better understanding of the effects of 
Requests for reprints to Dr Paolo Spirito, Divisione di Cardiologia, 
Ente Ospedaliero Ospedali Galhera, Via Volta 8, 16128 Genoa, 
Italy. 
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phic measurements of isovolumic relaxation and of 
the early and late filling phases of diastole in a group 
of healthy volunteers with a wide range of ages. 


Subjects and methods 


STUDY POPULATION 

We measured Doppler echocardiographic indices of 
left ventricular diastolic function in 86 healthy 
volunteers (48 men and 38 women) who were aged 
from 20 to 74 years (mean 36). None had a clinical 
history of cardiac disease or of systemic hypertension 
and all had a normal M mode and cross sectional 
echocardiogram. The data were examined by linear 
regression analysis. In addition, we compared 
Doppler diastolic measurements among three age 
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groups: (a) 35 subjects aged from 20 to 29 years 

mean 22); (b) 33 aged 30 to 49 years (mean 40); and 
c) 18 aged 50 to 74 years (mean 57). Doppler indices 
of left ventricular diastolic flow velocity in men and 
women (within each age group) were also compared 
to determine whether sex differences independently 
influence diastolic performance. 


DOPPLER ECHOCARDIOGRAPHY 
We used an Advanced Technology Laboratory Mark 
500 ultrasound system for the Doppler echocar- 
diographic studies. This instrument combines a 
pulsed Doppler flow analyser with a 3-0 MHz, 
on line, two dimensional wide angle (90°) mechanical 
sector scanner. The system has a movable cursor and 
the Doppler sample volume can be positioned any- 
where in the cross sectional sector plane and at any 
depth up to 17 cm. The depths we used to obtain the 
left ventricular diastolic flow velocity profiles ranged 
from 9 to 13cm. The dimensions of the sample 
volume at these depths were 5-7 mm (length) x 
1-5 mm (diameter) x 1:5 mm (depth). 

Doppler output was available as an audio signal 
and as a spectral display of the flow velocity profile. 


Fig 1 
the position of the Doppler sample volume 
the broken circle 
flow velocity waveforms 


Stop frame cross sectional echocardiogram showing 
enclosed within 
that was used for left ventricular diastolic 
The sample volume is positioned 
within the inflow area of the left ventricle. VS, ventricular 
septum. Reproduced with permission of American College of 
Cardiology from Spirito et al 





The spectral display was obtained by electr 
Fourier transform analysis of the Doppler 
with sampling at 10 ms intervals and divisi 
signal into 128 frequency bins. The flow 
profile was displayed as a waveform com 


small individual grey and black blocks that app« 


simultaneously on a monitor with the lead 
trocardiogram and a phonocardiogram 
recorded on a strip-chart recorder at a paper 
100 mm/second. The setting of the instru: 
adjusted to use the lowest possible filters 

The Doppler recordings were obtained 
quiet respiration with the subject in a latera 
bent position. The transducer was position 
slightly to the left of the cardiac apical impul 
was oriented to obtain an apical four chamb 
the heart that gave good visualisation of 
ventricular cavity and maximal excursion 
mitral valve leaflets. The cursor line was 
through a plane traversing the left ventricle fr 
apex to the mitral valve annulus. The angle 
the presumed direction of the diastolic bk 
and the orientation of the ultrasound beam 
was estimated to be zero or < 20° in each subj 
sample volume was placed in the inflow ar 
left ventricle, about 1 cm from the mitr 
annulus (fig 1), and the position of the samy 
the cursor line was adjusted until the 
diastolic flow velocities were recorded and 
phic quality of the Doppler waveform w 
clearly defined. 





QUANTITATIVE ASSESSMENT OF DIASTOI 
FLOW VELOCITY WAVEFORM 

In each subject we chose for analysis thre« 
cycles with the most clearly defined flow 
waveform and the steepest descent of flow ve 
early diastole. Left ventricular diastolic flow 
waveforms from the three 
measured and the values were averaged for (f 
(a) time interval from the first positive defk 
the aortic closing component of the secor 
sound to the onset of the flow 
waveform (A,-D), a measure of the durat 
isovolumic relaxation"; (b 
diastolic peak of flow velocity defined as 
interval from the onset of this peak to the tin 


cardiac ycl 


diastolic 


duration of tl 


flow velocity returned to baseline (D-F); ( 
decrease (deceleration) of flow velocity 
diastole (EF) calculated as the ratio E-E' to I 


maximal early diastolic flow velocity measured as t! 


height of the early diastolic peak of flow velo 
(e) maximal late diastolic flow velocity 
to atrial contraction) measured as the heigh 
late diastolic peak of flow velocity (A); (f) tu 


whicl 
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Fig2 Doppler left ventricular diastolic flow velocity waveforms from two normal volunteers. (a) That of the younger subject 
t age 23 years) shows a shorter duration of isovolumic relaxation ( AD) and rapid rate of decrease of flow velocity in early 
diastole {EF}; maximal early diastolic flow velocity ( E) is high relative to maximal late diastolic flow velocity ( A), giving an 
E:À ratio of > 1. (b) The waveform in the older subject (age 58 years) shows prolonged duration of isovolumic relaxation 

( A;-D) and reduced rate of decrease ( descent) of flow velocity in early diastole (EF); maximal late diastolic {atrial} flow 
velocity (A j is increased relative to maximal early diastolic flow velocity ( EJ, giving an E:A ratio of <1. 


between the maximal early and late diastolic flow 
velocities (E:A). 

Because the flow velocity waveform is displayed as 
a grey scale line of variable thickness, the points D, E, 
and A on the flow velocity contour were identified as 
the midpoints of the grey scale spectrum. The slope 
EF was defined by the construction of a straight line 
that passed through the midportion of the grey scale 
spectrum and corresponded to the descent of the 
early diastolic flow velocity peak. When the slope EF 
was curved rather than straight, EF was constructed 
as the line that identified the maximal incline of the 
slope?? Because the contour of the flow velocity 
waveforms often shows a wide spectral spread at the 
end of the early flow velocity peak (point F on fig 2a), 
this point was identified as the intersection between 
the line of the descent of the early diastolic flow 
velocity peak and the baseline of the peak.” At rapid 
heart rates (over about 90 beats/minute) the flow 
velocity curve does not return to baseline between the 
E and A peaks. In our subjects, however, the highest 
heart rate was 73 beats/minute; thus all flow velocity 
curves analysed as part of this study returned to 
baseline at point F. 

Reproducibility of these Doppler diastolic indexes 
has been shown to be satisfactory with a relatively 
low intraobserver and interobserver variability.’ 


STATISTICAL ANALYSIS 

Data were expressed as mean (2 SD). Relations 
between age and Doppler indices of left ventricular 
diastolic performance were assessed by linear regres- 
sion analysis. Differences in Doppler diastolic 
indices between age groups were determined by the 
one way analysis of variance and those between sexes 
by the Student's unpaired : test. To assess whether 
the effect of age on Doppler indices of diastolic 
function is independent of the influence of other 
variables, we used a multivariate linear regression 
analysis." Specifically, the influence of the following 
variables was assessed: ventricular septal and 
posterior left ventricular free wall thicknesses; left 
ventricular cavity dimensions at end diastole and end 
systole; percentage fractional shortening; and heart 
rate. 


Results 


RELATION BETWEEN AGE AND DOPPLER INDICES 
OF DIASTOLIC FUNCTION 

Five of the six Doppler diastolic indices measured in 
the present study showed a linear relation with age 
(table 1). The duration of isovolumic relaxation and 
maximal late diastolic (atrial) flow velocity increased 
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Table 1 Relation between Doppler indices of left ventricular 
diastolic function and age 

Correlation Statistical 

ent ngnificance 
Doppler indices (r) (p) 
Isovolumac relaxation 039 «0 001 
Duration of early flow velocity 004 2-005 
Deceleration of early flow velocity —0 40 «0 001 
Early maxunal flow velocity —030 «0 005 
Late maximal flow velocity 0 69 «0 001 
Ratio of early lute maximal flow — —0 63 «0 001 
velocities 





with age (fig 3). Conversely, maximal early diastolic 
flow velocity, the rate of decrease (deceleration) of 
flow velocity in early diastole, and the ratio between 
the maximal early and late diastolic flow velocities 
decreased with age (fig 4). The duration of the early 
diastolic peak of flow velocity did not show a linear 
relation with age. Table 1 gives the values of the 
correlation coefficients of the regressions and their 
statistical significance. 
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Fig3 Relation between age and maximal late diastolic 
(atrial) flow velocity ( A). 


675 
6 


N w I wn 


Early: late (atrial) flow velocity (E/A) 





0 20 30 40 50 60 77 80 
Age m years 
Fig4 Relation between age and the ratio of maximal early 
diastolic to late diastolte (atrial) flow veloates ( E:A). 


COMPARISON OF DOPPLER DIASTOLIC INDICES 
IN DIFFERENT AGE GROUPS 

Several Doppler indices of left ventricular diastolic 
performance were significantly different in the three 
age groups (table 2 and fig 2). Isovolumic relaxation 
time was longer in the older subjects (84 (12) ms) than 
in the younger subjects (72 (12) ms; p « 0-001), and 
was also longer in the intermediate (80 (12) ms) age 
group than the younger age group (p « 0-01) (fig 5). 
Furthermore, the rate of decrease (deceleration) of 
flow velocity in early diastole was lower in the older 
subjects (4-2 (1:2) m/s?) than in the younger subjects 
(5-5 (1 2) m/s’; p < 0-001), and it was also lower in the 
intermediate (4:7 (1:1) m/s?) age group than the 
younger age group (p < 0:01) (fig 6). The ratio 
between the maximal early and late diastolic flow 
velocities was also lower in the older subjects (12 
(0-4) than in either the intermediate (2:0 (0-6); p < 
0-002) or the younger subjects (2:7 (0-7); p « 0 001) 
(fig 7). A ratio of <1 was identified in five (28%) of 
the 18 subjects who were 50 years of age or older, 
whereas this ratio was 71 ın each of the 68 study 


Table2 Comparison of Doppler indices of diastolic function in three age groups 





Duration of Deceleratton 
Isovolumic early flow early 
Age relaxation velocity peak veloaty 
fyr) (ms) (ms) (mis) 
20-29 72 (12) 218 (30) 55(12) 
30-49 80 (12)* 220 (27) 470 1* 
50-74 84 (12)t 221 (33) 4202) 





Early maximal Late maximal Early late 
Slow velocity flow velocty maxynal 
(mls) (mjs) floto velocities 
0 69 (0 12) 0 33 (0 07. 27 (07) 
0-62 (0 14) 0 33(0 20(06)t 
059(014) 0 46 (0 13) 12(04)t 


*p < 001 compared with 20-29 year old subjects, fp < 0 001 compared with 20-29 year old subjecta, | p < 0 002 compared with 30-49 year 


old subjects 
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Fig5 Comparison of duration of isovolumic relaxation 
( Ay-D) in three age groups. 
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Fig 6 Comparison of the rate of decrease (deceleration) of 
flow velocity in early diastole (EF) in three age groups. 
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Fig 7 Comparison of the ratio between the maximal early 
and late diastolic ( atrial) flow velocities (E:A) 1n three age 
groups. 


subjects who were younger than 50 (p « 0001). 
Heart rate was lower in the younger individuals (56 
(7) beats/minute) than in the older ones (61 (6) beats/ 
minute; p « 0-02). In the intermediate age group the 
heart rate (59 (6) beats/minute) was not significantly 
different from that of the other two groups. 

No differences were identified between the sexes 
for Doppler diastolic indices, except for a shorter 
duration of the early flow velocity peak in women 
aged 20-29 (table 3). 


MULTIVARIATE ANALYSIS 
Multivariate linear regression analysis showed that 
age is an independent, strong determinant of most 
Doppler indices of left ventricular diastolic flow 
velocity. A significant correlation persisted between 
age and the duration of isovolumic relaxation, rate of 
decrease of flow velocity 1n early diastole, maximal 
late diastolic flow velocity, and the ratio between 
maximal early and late diastolic flow velocities after 
adjustment for left ventricular dimensions, percen- 
tage fractional shortening, and heart rate (table 4). 
Hence, as shown in table 4, these multivariate 
regression coefficients and the associated p values did 
not differ from those of the univariate analysis. After 
adjustment for these independent variables, 
however, age no longer correlated significantly with 
maximal early diastolic flow velocity. 


—— 
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Table 3 Comparison of Doppler tndices of diastolic function in men and women 
Duration of Daceleration 
Iovolunmic early flow (hehe Early maximal Late maximal Early :late 
relaxation velocity peak veloaty flow velocity flow veloaty maximal 

Group (mi) (ms) (miè) (mis) (mis) flow velocities 
Age 20-29 

Men 71 (10) 226 ea 54(1 2) 0 70 (0 10) 0:26 (0 06) 28(08) 

Women 74 (12) 203 (22)* 572) 0-66 (0-12) 028 (07 26(09) 
Age 30-49- 

Men 82 n 1) 224 e 46(12) 0 59 (0 14) 0 35 (0-09) 18(06) 

Women 79 (11) 217 (31 48(14) 0 64 (0 13) 0 32 (0 05) 2005) 
Age 50-74 

Men 84 (9) 217 (36) 42(11) 055(0 14) 0 50 (0 15) 110 2) 

Women 84 (19) 224 (32) 42(08) 061(015) 0 49 (0 12) 13(05) 
*p < 0 025; no other comparisons in the table were staustically stgnificant. 
'TYable 4 Regression analyses of the relation between Doppler indices and age 

Unrvariate analysis* Multrivartate analyns] 

Doppler indices b SE b b SE b 
Tsovolumic relaxation 0:35 009 <0 001 034 0-11 «001 
Duration early flow velocity peak 0-08 023 >0 05 035 0:26 >005 
Deceleration early flow velocity —0:04 001 <0 0001 -0 04 001 <0 001 
Early maximal flow velocity —0 003 0001 <0 005 ~ 0-002 0001 >005 
Late maximal flow velocity 0 006 0001 <0-0001 0 005 0 0007 <0 0001 
Early late maximal flow velocities —004 0 005 « 0-0001 —0:03 0 006 «0 0001 


*From the regression analysis to measure the effect of age on each of the di 


dent Doppler indices of diastolic function. 


+From the multivariate linear regression analyse to measure the effect of the set of independent variables (age, ventricular septal and 
posterior free wall thickness, left ventricular cavity dimensions, percentage fractional shortening, and heart rate) on each of the dependent 


Doppler indices of diastolic function. 
b, regression coefficient for age. 


Discussion 


The effects of aging on left ventricular diastolic 
performance have not been studied extensively in 
human beings, in part because it is difficult to obtain 
data from large numbers of healthy individuals by 
invasive techniques such as cardiac catheterisation. 
Nevertheless, haemodynamic data obtained in small 
numbers of people without heart disease have sug- 
gested that the normal left ventricle becomes stiffer 
and diastolic filling is altered with aging. Additional 
information on the influence of aging on diastolic 
performance has come from indirect, non-invasive 
measurements. Observations obtained from the 
mitral valve echogram have suggested that the rate of 
early left ventricular filling 1s reduced in healthy 
elderly people.'*"" More recently, data obtained from 
the Doppler diastolic flow velocity waveform also 
seem to indicate that the filling patterns of the left 
ventricle may be influenced by aging.” In particular, 
the relative contribution of atrial systole to overall 
left ventricular filling seems to increase with age." In 
addition, a recent investigation by radionuclide 
angiography has shown a strong relation between age 
and peak filling rate.” 

The findings of the present investigation of a large 


population of healthy volunteers confirm and extend 
these previous observations. In our study, age related 
changes were identified for five of the six of the 
Doppler indices of diastolic performance that were 
analysed. These alterations affected the isovolumic 
pbase as well as the early and late filling phases of 
diastole. Aging was associated with an increased 
duration of isovolumic relaxation and a reduced rate 
of decrease of flow velocity in early diastole. In 
addition, maximal early diastolic flow velocity 
decreased and late diastolic flow velocity (largely 
owing to atrial systole) increased linearly with age; 
hence, the ratio between early and late diastolic flow 
velocity was significantly lower in older subjects. The 
enhanced flow velocity during atrial systole probably 
represents a compensatory mechanism for the 
reduced flow velocity during the early phase of 
diastole. 

Alterations in the Doppler left ventricular diastolic 
waveform identified in our older subjects seemed to 
be qualitatively similar to, although not as severe as, 
those previously seen in patients with various cardiac 
diseases associated with diastolic impairment 
(including coronary artery disease, systemic hyper- 
tension, aortic valve stenosis, and hypertrophic car- 
diomyopathy.?*** Thus the results of our study are 
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also relevant to the question of what should be 
considered to be a “normal” Doppler diastolic 
waveform. For example, if a large number of older 
people are included in a normal control population, 
then the range of values for the Doppler indices of left 
ventricular relaxation and filling will be increased, 
and this will reduce the sensitivity for detecting true 
abnormalities of diastolic performance. Similarly, 
because measures of diastolic function in older 
normal subjects may lie considerably outside the 
range seen in younger subjects, left ventricular 
diastolic impairment could be incorrectly identified 
in older individuals. These considerations suggest 
that values for Doppler indices of left ventricular 
diastolic performance measured in patients with 
cardiac disease should always be compared with 
those in age matched healthy controls. 

Because coronary arteriography was not perfor- 
med we cannot exclude unequivocally the possibility 
that some of our older subjects had clinically silent 
coronary artery disease. But coronary arteriography 
is unjustified and impractical in a healthy symptom 
free population such as ours. The changes in the 
Doppler diastolic waveform that we identified in the 
older volunteers were pronounced and consistent, 
however, and the occasional individual with silent 
coronary disease would not account for important 
differences in the pattern of flow velocity that we 
identified in the younger and older volunteers. 

Left ventricular diastolic filling is a complex 
phenomenon influenced not only by the intrinsic 
properties of the cardiac muscle, but also by variables 
such as left ventricular mass and volume, systolic 
function, heart rate, and the loading conditions of the 
ventricle.??* Since Doppler diastolic indices may be 
influenced by these multiple variables, the alterations 
in the diastolic waveform identified in our older 
study subjects do not definitively demonstrate that 
aging, per se, alters the primary intrinsic properties 
of the cardiac muscle (that is left ventricular relaxa- 
tion and elastic properties of the ventricle). Data 
derived from our multivariate regression analysis do, 
however, support this hypothesis. For example, the 
multivariate linear regression analysis showed that 
age correlated significantly with most Doppler 
indices of left ventricular diastolic function, even 
after adjustment for left ventricular wall thickness 
and cavity dimension, percentage systolic shorten- 
ing, or cycle length. Thus these data indicate that the 
effects of age on Doppler diastolic indices are 
independent of age related alterations in left ven- 
tricular morphology and function. Although all our 
study subjects had normal systemic blood pressure, 
left ventricular afterload was not measured directly. 
Thus a slight increase in left ventricular systolic load 
caused by reduced arterial wall distensibility® may 


Spirito, Maron 


have influenced transmitral flow velocity in our older 
subjects. Nevertheless, slight changes in systolic load 
do not seem to be sufficient to explain the size of the 
alterations in the left ventricular flow velocity 
waveform that we identified in older individuals. 

In conclusion, our findings indicate that the Dop- 
pler left ventricular diastolic waveform is altered 
substantially by aging, and that age is an independent 
determinant of most indexes of left ventricular 
diastolic flow velocity. Thus the effects of age should 
be considered when the normal limits for Doppler 
indices of left ventricular diastolic function are 
defined. 


We thank Dr Joel Verter for helpful statistical 
assistance and Judith S Merrill for technical assis- 
tance. 
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Reproducibility of cardiac output measurement by 
cross sectional and Doppler echocardiography 
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Tyne 


SUMMARY The variability of Doppler echocardiographic estimation of cardiac output at the aortic 
orifice was investigated in eight healthy subjects. Cross sectional echocardiograms of the aortic 
orifice and aortic Doppler velocities were recorded and measured by four echocardiographers. 
Between subject variability was significantly larger than within subject variability for all variables. 
Variability owing to different echocardiographers and different measurement times was small 
compared with total variability. Coefficients of variation for aortic annular diameter, aortic velocity 
integral, and heart rate were 4:195, 6-495, and 5:0% respectively. The coefficient of variation for 
cardiac output was 8:894 and the 95% confidence interval for measurement of cardiac output by the 
Doppler method was 4:45 to 6:35 l/min. One echocardiographer reanalysed all the recordings and 
the results showed that recording the echocardiograms introduces a significantly larger source of 


error than measuring them. 


Thus serial measurements of cardiac output by the Doppler method can be performed with 
acceptable reproducibility; this indicates that the technique can be accurately applied in clinical 


practice. 


Cardiac output can be calculated from the blood 
velocity in the ascending aorta (measured by Doppler 
ultrasound) combined with aortic orifice area 
(measured by cross sectional echocardiography). 
The technique has been validated in various 
laboratory and clinical situations’? and provides a 
simple and reliable method for the measurement of 
cardiac output without the need for vascular cath- 
eterisation. 

To interpret Doppler flow measurements in clin- 
ical practice it is necessary to establish the variability 
of velocity and area measurements. Several studies 
have reported the variability of aortic velocity 
measurements,"* but the variability of calculated 
cardiac output has been inadequately reported. This 
study investigated the variability of cardiac output 
measurement across the aortic valve in normal 
subjects. The contribution of the various sources of 
imprecision to the overall variability was determined 
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and the 95% confidence interval for a single observa- 
tion was estimated. 


Patients and methods 


Right healthy people (six men, two women) aged 22- 
52 years (mean 28 years) were investigated. The 
procedure was explained to each subject and their 
informed consent was obtained. Measurements were ~ 
made with the subjects in the semirecumbent posi- 
tion after they had rested for at least 15 minutes in a 
warm, quiet room. Cross sectional echocardiograms 
and continuous wave Doppler recordings were made 
on a Hewlett-Packard system (Model 77020A) with a 
3-5 MHz phased array transducer and a 1:9 MHz 
dedicated independent continuous wave transducer. 
Recordings were made by four experienced 
echocardiographers. The order of investigation was 
randomised using a LS and the subjects remained 
recumbent throughout. 

The diameter of the aortic orifice was measured 
during systole from cross sectional echocardiograms 
in the parasternal long axis plane.’ Echocardiograms 
were recorded on videotape and then measured after 
completion of the velocity recordings by a freeze 
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frame facility with superimposed calipers. 
Measurements were made from the leading edge of 
the anterior wall to the leading edge of the posterior 
wall. The diameters from five consecutive beats were 
averaged and the cross sectional area (CSA) was 
calculated from the equation JI x (D/2Y, where D = 
mean aortic diameter. 

Blood velocity in the ascending aorta was recorded 
from the suprasternal notch by continuous wave 
Doppler ultrasonography. 'The direction of the 
ultrasound beam was adjusted until the highest 
velocities with the “cleanest?” envelope were 
obtained. These velocities were taken to represent 
the velocities at the aortic orifice when the ultrasound 
beam was parallel with flow. The Doppler output and 
an electrocardiographic tracing were recorded on a 
strip chart at a paper speed of 100 mm/s. The area 
under the velocity curve, or the velocity integral (VI), 
was determined after each investigation by tracing 
from the baseline around the maximum velocity 
curve with a digitising tablet linked to a microcom- 
puter.’ Ten consecutive beats were averaged for each 
measurement. 

Heart rate (HR) was measured directly from the 
RR interval of the simultaneously recorded elec- 
trocardiogram. Stroke volume (SV) and cardiac 
output (CO) were calculated as follows: 

SV (ml) = VI (cm) x CSA (cm?, CO (l/min) = 

SV (ml) x HR (min) — 1000. 


The observers analysed their own recordings. 
Heart rate and velocity recordings were then num- 
bered and reanalysed blindly out of order by one 
observer (SCR) to measure intraobserver variability. 
Because cross sectional echocardiograms were stored 
on videotape it was not possible to reanalyse them in 
random order. To try to eliminate any possible 
observer bias, recordings were reanalysed several 
weeks after the initial investigation. 


STATISTICAL ANALYSIS 

An analysis of variance was used to determine the 
contribution of various factors (variance compon- 
ents) to the overall variance. The total variance 
consists of a component owing to differences between 
the subjects (os?) and a component owing to differen- 
ces within subjects (cw?) The within subject 
variance is made up of a component representing the 
variability between echocardiographers (oB’), a tem- 
poral component representing the variability bet- 
ween measurement times (c1?) and a component 
representing the residual variability (ør). An 
approximate 95% confidence interval for a particular 
measurement on a typical subject was calculated as 
mean + 2 ow. The confidence intervals calculated in 
this way relate specifically to the method used in this 
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study which gives an average over a given number of 
cardiac cycles to reduce some of the within subject 
variability attributable to measurements from 
individual cardiac cycles. Coefficients of variation 
were determined from the within patient variance as 
ow + mean. 

An estimate of the contributions to the total 
variance of recording and of measuring the echocar- 
diogram was obtained by calculating the differences 
between the initial measurements (performed by 
the four echocardiographers) and the repeat 
measurements (performed by one echocardiogra- 
pher) for all recordings of the velocity integral, heart 
rate, and diameter. The variance attributable to 
measuring an echocardiogram was estimated from 
the standard deviation of the differences. This 
variance was then subtracted from the total variance 
for an estimate of the variance caused by the record- 
ing of the echocardiogram. 


Results 


Satisfactory diameter and velocity recordings were 
obtained in all eight subjects by each of the four 
echocardiographers. Investigations were completed 
in less than 30 minutes in each subject. Calculated 
Doppler cardiac output ranged from 4-59 l/min to 
6:50 l/min. 

Figure 1 shows the variance components for heart 
rate, velocity integral, and aortic diameter. Figure 2 
shows the variance components for the calculated 





Stroke Cardiac 
volume output 
300 08 
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Figl Variance components for heart rate, velocity 


integral, and aortic diameter. oS’, between subject 
component; ow’, within subject component; oT’, temporal 
component; o! , echocardiographer component; oR’, residual 
component. See text for explanation. 
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Fig2 Variance components for stroke volume and éardiac output. oS’, between subject component; aW^, within subject 
component; oT’, temporal component, a£, echocardiographer component; oR’, residual component. See text for explanation. 


variables stroke volume and cardiac output. For all 
variables the within subject variance was significan- 
tly smaller than the between subject variance (p < 
0-001). The “between echocardiographer" variance 
(o8) and the “between measurement times” variance 


'Tablel 95% confidence mtervals and coefficients of 
variation for Doppler and cross sectional echocardiographic 
measurements 








Coefficient 

af 

variatton 

Mean 25D (9$) 

Heart rate (beats/min) 634 64 50 
Aortic velocity integral (cm) 234 30 64 
Aortic diameter (cm) 217 018 41 
Stroke volume (ml) 869 136 78 
Cardiac output (l/min) 540 095 8-8 





Table2  Variability owing to making and measuring 
Doppler and cross sectional echocardiographc recordings 


M 


aking Measuring 
echo (SD) 





echo (SD) p 
Heart rate (beats/min) 31 04 «0 001 
Aortic velocity integral (cm) 13 07 «0 001 
Aornc diameter (cm) 007 005 «0-05 
Stroke volume (ml) 50 46 NS 
Cardiac output (l/min) 0 40 027 <0 025 


(cT?) were both small for all the measured and 
calculated variables and in no case were they sig- 
nificantly different from the residual variance (oR?). 
The calculated within subject components shown in 
figs 1 and 2 are given for completeness, even though 
there were no significant differences. 

Table 1 shows the mean and approximate 95% 
confidence intervals for each variable. T'able 2 shows 
the contribution of recording and measuring the 
echocardiograms to the total within subject variance. 
The variance owing to recording the echocardiogram 
was significantly larger than the variance owing to 
measuring recordings for all variables except stroke 
volume. The variability of the one analyser who 
reanalysed his own recordings (intraobserver 
variability) was compared with the variability of the 
same analyser analysing the recordings of the other 
three analysers (interobserver variability) and no 
significant differences were found except for the 
measurement of velocity integral (p < 0-005). 


Discussion 


This study reports the variability of Doppler 
measurements of aortic flow in a group of healthy 
adults. The echocardiographers were all experienced 
in obtaining and analysing Doppler velocity and 
cross sectional recordings and no attempt was made 
to select good echocardiographic subjects. Thus we 
hoped that the study would determine the size and 


’ Reproducibility of cardiac output measurement by cross sectional and Doppler echocardiography 


source of error that might be expected in clinical 
practice. 

We used a components-of-variance analysis to 
estimate the different possible sources of imprecision 
for each of the measurements. The results suggest 
that the variability caused by different observers 
obtaining and measuring echocardiographic record- 
ings is small relative to the total variability. The 
variance owing to differences between the 
measurement times was also very small. By having 
one observer reanalyse all the recordings we were also 
able to determine that recording the echocar- 
diograms is a significantly larger source of error than 
measuring them. 

We believe that the present study is the first to 
report the reproducibility of measurement of aortic 
cardiac output by continuous wave Doppler. Lewis 
et al studied the interobserver reproducibility of 
measuring aortic flow by pulsed Doppler from the 
cardiac apex.’ They reported a mean (SD) percentage 
error (difference between paired measurements 
expressed as a percentage of the mean of the pair) 
between the two observers of 6-8 (5-0)% for aortic 
stroke volume and cardiac output. With two 
observers, Ihlen et al obtained aortic continuous 
wave velocity recordings on two occasions one to 21 
days apart.’ All the recordings were then analysed by 
both observers. Aortic diameter was measured only 
once and this value was used for all later stroke 
volume calculations. The coefficient of variation 
between any pair of, measurements in each patient 
was 9:295, which is similar to that found in the 
present study. The coefficient of variation between 
the two observers was 0-1% and between the two 
measurement times it was 0:995, confirming that 
interobserver and temporal variability contribute 
little to the overall variability. 

Several previous studies have investigated the 
reproducibility of measurements of the velocity 


. integral obtained from aortic continuous wave 


Doppler traces. Most studies have reported inter- 
Observer, intraobserver, and day to day variability, 
whether expressed as a mean percentage error or as a 
coefficient of variation, to be less than 69,54! 
Comparable figures have been reported for heart rate 
measurements.‘ ? The results of the present study are 
consistent with these findings. 

Although several workers have investigated the 
change in aortic diameter during the cardiac cycle" * 
this is the first study to report the variability of 
measurements of aortic annular diameter. Meijboom 
et al, in a study of Doppler mitral flow measurement, 
reported comparable variability for measurements of 
mitral diameter.” These findings suggest that alth- 
ough cross sectional echocardiographic diameter 
measurements are very reproducible, they are the 
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largest source of error in Doppler flow measurements 
because the diameter has to be squared to obtain 
cross sectional area for flow calculation (the 
coefficient of variation for aortic area in the present 
study was 8:394). 

Probably the most clinically useful measure of 
reproducibility is the 95% confidence interval for a 
single measurement. This quantitates the size of 
change in an individual subject that is likely to 
represent a true haemodynamic change. Thus when 
different observers study unselected subjects, chan- 
ges in cardiac output of more than 1 l/min cannot be 
accounted for by the variability inherent in the 
technique and are likely to represent a genuine 
change in cardiac output. This result resembles 
measurement of cardiac output by the dye dilution 
and thermodilution methods." ” Satisfactory record- 
ings were obtained in all subjects in the present 
study. Most previous studies have reported accepta- 
ble recordings in over 80% of patients with heart 
disease! ? although this fell to approximately 70% in 
ill patients undergoing haemodynamic monitoring in 
intensive care.” Nevertheless, in those subjects in 
whom satisfactory recordings are possible the Dop- 
pler method provides a simple, quick, and non- 
invasive technique for measuring cardiac output. 
The present results indicate that serial 
measurements, even if performed by different 
observers, are sufficiently reproducible to be useful 
in clinical practice. 
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angina: a study of celiprolol and atenolol 
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JAMES M McLENACHAN, JOHN T WILSON, HENRY J DARGIE 
From the Department of Cardiology, Western Infirmary, Glasgow 


SUMMARY  Celiprolol (400 mg) and atenolol (100 mg) were given once a day to 16 patients with 
stable angina pectoris in a double blind placebo controlled crossover study. Celiprolol produced 
less suppression of heart rate both at rest and during exercise than atenolol. Both drugs were 
equally effective in reducing the frequency of angina and in delaying the onset of ischaemia during 
exercise. Radionuclide ventriculography showed that atenolol but not celiprolol lowered cardiac 


output at rest and during exercise. 


Thus the ancillary properties of celiprolol, including partial fl, agonist activity and direct 
vasodilating activity, have detectable effects on cardiac function that may be beneficial in patients 


with angina. 


The notable success of f adrenoceptor antagonists in 
the treatment of myocardial ischaemia in patients 
with coronary heart disease reflects the fact that effort 
is the main stimulus to the development of such 
ischaemia. There are some disadvantages associated 
with the principal therapeutic action of f/ blockade, 
which is suppression of the increase in heart rate and 
contractility that normally accompanies exercise.! 
These include an increase in left ventricular volume, 
which is energy wasting, and a reduction in cardiac 
output during exercise. Thus the interest in f 
blockers with ancillary properties that confer a more 
favourable haemodynamic profile while retaining the 
beneficial effect on myocardial ischaemia. 

Celiprolol is a new f, selective adrenoceptor 
antagonist with partial agonist effects at the f, 
receptor and direct vasodilating activity. It is orally 
active, undergoes minimal hepatic metabolism, and 
is active for at least 24 hours when given in a dose of 
400 mg.? 

We compared the effects of a daily dose of 
celiprolol (400 mg) with that of atenolol (100 mg) on 
angina frequency, effort capacity, and indices of 
myocardial ischaemia and function at rest and during 
dynamic exercise in a double blind randomised 
crossover study of 16 patients with stable angina 
pectoris. 


Requests for reprints to Dr Henry J Dargie, Department of 
Cardiology, Western Infirmary, Glasgow G11 6NT. 
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Patients and methods 


PATIENTS 

We studied 16 patients (14 men, two women; age 
range 28-69 years) with stable effort induced angina 
pectoris. Three had a previous history of myocardial 
infarction (all Q wave infarcts); none had sustained 
an infarct within six months of entry to the study. 
Patients with evidence of heart failure were excluded 
and the three patients with previous myocardial 
infarction all had values for resting left ventricular 
ejection fractions of 74094. All 16 had angiogra- 
phically proven coronary artery disease and a positive 
treadmill exercise test showing horizontal ST seg- 
ment depression of at least 1 mm during exercise. 


STUDY DESIGN 

All antianginal treatment, except for glyceryl trin- 
itrate was stopped over a run in period of one week. A 
single blind placebo period of one week was followed 
by two double blind treatment periods, each lasung 
two weeks, during which the patients were treated 
with atenolol (100 mg) and celiprolol (400 mg) once a 
day in random order. Assessments were made at the 
end of the placebo phase (day 7) and at the end of each 
two week treatment period (days 21 and 35). Exercise 
testing was carried out approximately six to eight 
hours after the last oral dose and a recovery period of 
at least one hour was allowed between the two 
exercise tests. 
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ASSESSMENTS 

'The following assessments were made: 

Angina frequency and glyceryl trinitrate consumption 
Diary cards were issued together with a supply of 
glyceryl trinitrate and patients were asked to record 
episodes of angina and the number of glyceryl 
trinitrate tablets they took. Angina frequency and 
consumption of glyceryl trinitrate were analysed for 
the week before exercise testing in each of the three 
phases (that is days 0-7, 14-21, and 28-35). 


Treadmill exercise testing 

Heart rate and blood pressure were recorded before 
exercise in recumbent and standing patients. Symp- 
tom limited exercise testing was then performed with 
a Marquette CASE II system according to a modified 
Bruce protocol. 


Radionuclide ventriculography 

First pass radionuclide ventriculography (tech- 
netium-99m) was carried out with a Baird Atomic 
multi-crystal gammacamera both at rest and during 
upright bicycle exercise. Patients were exercised to a 
maximum during the single blind placebo phase and 
then to that same workload during the two treatment 
periods. One operator (JTW) did the analysis with 
standard software. Cardiac output was calculated 
from the product of heart rate, ejection fraction, and 
left ventricular end diastolic volume. 


Statistical analysis 

Results are given as mean (SE). The statistical 
significance of differences between treatments was 
measured by Student's ¢ test for paired data. 
Appropriate correction was made for multiple com- 
parisons (Bonferroni). Because three comparisons 
were made for most variables (placebo vs atenolol, 
placebo vs celiprolol, and atenolol ws celiprolol), 
significance was assumed at the level of p < 0:02. 


Results 


ANGINA FREQUENCY 

Both atenolol and celiprolol reduced angina 
frequency significantly more than placebo (table 1); 
there was no difference between the two active drugs. 
Glyceryl trinitrate consumption was not significantly 
reduced by either drug. 


Table 1 Angina frequency and consumption of glyceryl 
trimtrate (GTN) (mean (SE)) 





Placebo Atenolol Celiprolol 
Anginal episodes per week 10 (2) 5(1)* 6(1)* 
GTN consumed per week 8 (2) 5 (2) 6(1) 


*p « 0 02, difference between placebo and drug. 
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Table 2 Effects of atenolol and celiprolol on treadmill 
exercise testing (mean ( SE)) 








Placebo Atenolol Cehprolol 
Exercise ume (s) 635 (48) 727 (52) 746 (49) 
um ST depression 24(03) 19(0 3) 21(0 3) 


(mm) 
TimetolmmST depression 74(10) 102(10)* 95(12)* 


(min) 
Double product (/100) at 190 01) 125 (6)t 1531 (8$ 
1mm ST depression 


kae 0 02, tp < 0 005, fp < 0-001, difference between placebo and 


g 
8p < 001, difference between atenolol and celiprolol. 


EFFECTS ON HEART RATE AND BLOOD PRESSURE 
The two active drugs differed markedly in their 
effects on heart rate and blood pressure. Whereas 
atenolol reduced resting heart rate by about 25% in 
both the supine and erect postures (table 2), 
celiprolol had no significant effect on resting heart 
rate. Atenolol significantly reduced systolic blood 
pressure in both lying and standing patients and also 
reduced diastolic pressure while the patient was 
standing; celiprolol had less effect on resting blood 
pressure and significantly reduced only standing 
diastolic pressure (table 2). 

When patients were exercising on the treadmill 
both drugs significantly suppressed the tachycardia 
and the increase in blood pressure that occurred 
during exercise (figs 1 and 2). For simplicity, only the 
p values referring to differences between atenolol and 
celiprolol are shown. When patients were on atenolol 
the curve relating heart rate to exercise time generally 
paralleled the placebo curve, heart rates being 
approximately 25% lower at each stage of exercise on 
atenolol. When patients were treated with celiprolol, 
the curve relating heart rate and exercise time was 
flatter (fig 1); thus celiprolol had little effect on 
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Fig i Heart rate (mean (SE) ) during treadmill exercise 
testing on placebo, atenolol, and celiprolol. Symbols refer to 
differences between atenolol and cehprolol (*p < 0-02, 

tp < 0:005). 
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Fig2 Systolic blood pressure (mean ( SE)) during 
treadmill exercise testing on placebo, atenolol, and celiprolol. 
There were no significant differences between atenolol and 
cehprolol. 


resting heart rate but did suppress heart rate as 
exercise progressed. Even at peak exercise, however, 
heart rate was significantly higher on celiprolol than 
on atenolol (120 (4) beats per minute vs 105 (4) beats 
per minute, p < 0-005). 

The rise in systolic pressure on both drugs was 
lower than that on placebo, but there were no 
significant differences between the two drugs (fig 2). 


EXERCISE CAPACITY AND 
ELECTROCARDIOGRAPHIC EVIDENCE OF 
MYOCARDIAL ISCHAEMIA 

Mean exercise time on placebo was 635 (48) seconds. 
Exercise time was prolonged, but not significantly, 
by celiprolol (746 (49) s, p = 0-031 vs placebo) and by 
atenolol (727 (52) s, p > 0-10) (table 3). Maximum 
ST segment depression was not reduced by either 
drug (table 3), but both significantly delayed the 
onset of 1 mm ST segment depression; there was no 
significant difference between atenolol and 
celiprolol. The double product (heart rate x systolic 
blood pressure) at the onset of 1 mm ST depression 
was significantly lower on both drugs than on placebo 
and significantly higher on celiprolol than on atenolol 
(table 3). 


Table3 Effect of atenolol and celiprolol on resting heart rate 
and blood pressure (mean (SE) ) 








Placebo Atenolol Celiprolol 

Lying’ 

Heart rate (beats/min) 80 (2) 58 (2)t 74 (3)t 

Systolic BP (mm Hg) 131 (59 117 (35* 126 (4) 

Diastolic BP (mm Hg) 88 (3) 75 (3) 82 (3) 
Standing. 

Heart rate (beats/min) 87 (3) 64 (2)t 81 (Ð$ 

Systolic BP (mm Hg) 125 (59 113 (3)* 119 (4) 

Diastolic BP (mm Hg) 87 (3) 7 (2)* 81 (3)* 


*p « 002, tp « 0001, difference between placebo and drug. 
tp < 0 001, difference between atenolol and celiprolol 
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Table 4 Effects of atenolol and cel:prolol on left ventricular 
function (mean (SE)) 





Placebo Atenolol Celtprolol 
Rest EF (90) 55 (2) 53 (2) 52 (2) 
Exercise EF (%) 43 (3) 51 (t 49 (1)* 
Change in E -13(5 ~ 20» = 32} 
*p < 002, tp < 0005, tp < 0 001, difference between placebo and 
rug 
EF, ejecuon fraction 


EFFECTS ON LEFT VENTRICULAR FUNCTION 

The resting ejection fraction was 55 (2)9/, on placebo; 
during bicycle exercise this fell to 43 (3)9 (p « 0 01). 
Atenolol and celiprolol had no effect on resting 
ejection fraction but both significantly ameliorated 
the fall in ejection fraction with exercise (table 4). 
Compared with placebo, atenolol but not celiprolol 
reduced cardiac output both at rest and during 
exercise (fig 3). 


SIDE EFFECTS 

No serious side effects were reported. One patient 
complained of lightheadedness while on atenolol and 
on celiprolol and one experienced fatigue on both 
atenolol and placebo. 
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s Placebo Atenolol Celiprolol 

Fig3 Cardiac output (l/min) at rest (R) and during 
exercise ( E) for the three treatment periods Compared with 
placebo, cardiac output was significantly reduced (p < 0 02) 
both at rest and during exercise by atenolol but not by 
celiprolol. 
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The low frequency of side effects may reflect the 
fact that most of the patients had been treated with, 
and were tolerant of, ff blockers before they joined the 
study. 


Discussion 


The major therapeutic action of conventional fi 
blockers in angina pectoris 18 the suppression of 
exercise induced tachycardia, which leads to a reduc- 
tion in myocardial oxygen requirement. f/ Blockers 
with intrinsic sympathomimetic activity produce less 
of a reduction in heart rate at rest and during exercise 
but may be less effective antianginal agents than fi 
blockers without this property.’ Figure 1 shows that 
celiprolol acts like a f blocker with intrinsic sympath- 
omimetic activity; it had little effect on resting heart 
rate but produced considerable blunting of the 
exercise induced rise in heart rate. At peak exercise, 
heart rate and double product were significantly 
higher on celiprolol than on atenolol, yet both drugs 
were equally effective at reducing myocardial 
ischaemia during exercise as shown by electrocar- 
diographic indices. Subjective testing showed that 
both drugs produced an equal reduction in angina 
frequency in keeping with previous studies that 
showed the antianginal efficacy of celiprolol.*? There 
were, however, striking differences in their respec- 
tive haemodynamic.profiles, suggesting different 
mechanisms of action. 

The product of heart rate and systolic blood 
pressure correlates with oxygen consumption. 
Glyceryl trinitrate relieves angina by lowering the 
rate-pressure product,’ but if the workload is further 
increased to raise this product to the baseline level, 
pain still occurs. The administration of f blockers, 
however, lowers the rate-pressure product at the 
onset of ischaemia by about 30%° suggesting an 
adverse effect on myocardial oxygen consumption for 
the same amount of cardiac work at a given pressure.” 
Table 3 shows that the rate-pressure product 
achieved for a similar degree of myocardial ischaemia 
on celiprolol was significantly higher than that on 
atenolol. The rate-pressure product on both drugs 
was lower than on placebo. This suggests that the 
ancillary properties of celiprolol have a beneficial 
effect on myocardial oxygen balance, either by 
increasing myocardial oxygen supply or by reducing 
demand. Several properties of celiprolol may con- 
tribute to this effect. 

In patients with coronary artery disease drugs with 
intrinsic sympathomimetic activity produce less of 
an increase, or even a small fall, in systemic vascular 
resistance than drugs without such activity.” Thus 
the reduction in diastolic blood pressure on celiprolol 
might be explained by a fall in systemic vascular 
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resistance whereas the reduction on atenolol proba- 
bly reflects the fall in cardiac output. In addition, 
celiprolol seems to have a direct vasodilator action 
since its vasodilator activity is not abolished by 
blockade of 8, agonist effects by propranolol.!! Thus 
a reduction in afterload by intrinsic sympath- 
omimetic activity and vasodilator activity might 
reduce oxygen demand and improve cardiac pump- 
ing in patients with ischaemic heart disease. Further- 
more, in animal studies celiprolol had a positive 
inotropic effect that was not due solely to f, agonism 
as this effect also persisted in the presence of 
propranolol.? 

Measurement of ejection fraction does not allow us 
to determine whether an observed rise is caused by 
increased contractility or to a change in loading 
conditions. Thus the ability to maintain a higher 
ejection fraction and cardiac output at a higher heart 
rate on celiprolol than on atenolol could be explained 
either by an increase in myocardial contractility or by 
afterload reduction mediated by both fj, agonism and 
direct vasodilator activity. Whether these ancillary 
actions of celiprolol will be associated with a reduc- 
tion in side effects of f blockade, particularly fatigue, ` 
remains to be seen. 

In conclusion, celiprolol is an effective antianginal 
agent that seems to be well tolerated. It has less effect 
on heart rate than atenolol and does not reduce 
cardiac output either at rest or during exercise. These 
effects are probably related to its ancillary properties 
including f; agonism and direct vasodilator activity, 
which may be beneficial in ischaemic heart disease. 


J M Mci. was supported by a British Heart Foun- 
dation Junior Research Fellowship. 
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Acute hepatitis after parenteral amiodarone 


administration 


M PYE, RJ NORTHCOTE, S M COBBE 


From the University Department of Medical Cardiology, Royal Infirmary, Glasgow 


SUMMARY Amiodarone is believed to have caused acute hepatitis 24 hours after intravenous 
administration in two patients in whom no other alternative cause of hepatitis was found. 


Various extracardiac side effects have been reported 
after amiodarone treatment.! ° Asymptomatic hepatic 
dysfunction was reported in 15-40% of patients on 
long term amiodarone treatment.”’ These patients 
had increases in serum concentrations of transamin- 
ases of 1-5—4 times normal values. 

We report two cases of acute hepatitis that 
developed 24 hours after intravenous amiodarone 
treatment. We found no other explanation for the 
hepatitis in these patients. 


Case reports 


PATIENT I 

A 48 year old woman (weight 50 kg) had undergone 
mitral and aortic valve replacement in 1982. She 
subsequently underwent repeat mitral valve 
replacement in February 1987. In May 1987 she was 
admitted as an emergency with a two month history 
of progressive dyspnoea, nausea, fatigue, and inter- 
mittent palpitation. She had been on long term 
treatment with frusemide, spironolactone, digoxin, 
and warfarin. On admission her blood pressure was 
130/70 mm Hg, the jugular venous pressure was 
raised 6 cm, and she was peripherally well perfused. 
The apex beat was displaced and there was a soft 
apical systolic murmur. There was firm regular 
hepatomegly (three fingerbreadths). Her electrocar- 
diogram showed atrial fibrillation with a ventricular 
rate between 140 and 180 beats per minute. Her chest 
radiograph showed mild cardiomegaly with pulmon- 
ary vascular redistribution. Doppler examination 
confirmed moderate mitral regurgitation and tricus- 
pid regurgitation. 

The table shows the laboratory results. On day 1 
she was started on verapamil 40 mg three times a day 
in addition to digoxin. T'his failed to control the 
Requests for reprints to Dr M Pye, Department of Medical 
Cardíology, Royal Infirmary, Queen Elizabeth Building, 10 Alexan- 
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Table Serum concentrations of hepatic enzymes and 
bihrubin in cases 1 and 2 








Day AP AST ALT B CK 
Case 1 (50 kg) 
1 145 40 45 34 50 
2 155 35 20 30 60 
3 150 36 22 30 65 
4 (amiodarone 185 40 28 30 70 
started) 
5 150 720 580 65 55 
6 (amiodarone 140 1860 1770 155 50 
stopped) 
7 140 1010 1450 145 60 
8 160 320 740 100 60 
10 156 246 700 80 50 
12 170 114 320 55 45 
16 120 37 50 25 50 
Case 2 (54 kg) 
1 am 200 67 15 10 366 
pm 210 71 27 12 908 
2 240 259 47 15 1760 
4 250 90 60 12 240 
6 (amiodarone 220 45 25 20 100 
started) 
500 2400 1440 60 90 
8 (amiodarone — 500 2400 1600 40 110 
stopped) 
500 980 1340 35 150 
10 = 450 770 30 120 
12 250 200 210 30 160 
13 operation 
Normal ranges for: AP, alkaline p 


DURAS rd nn (80-280 IU/D; AST, 
aspartate transamingse (12-48 IUA) alanine transaminase (3— 
iU Aum, B, bilirubin (3-22 umoljl); CK, creatine kmase (30-150 


ventricular rate and was stopped on day 3. On day 4 
she still had fast atrial fibrillation despite adequate 
concentrations of serum digoxin. Treatment with 
intravenous amiodarone was started. She was given a 
bolus of 300 mg followed by an infusion of 900 mg. 
On day 5 900 mg of amiodarone was given intraven- 
ously and 400 mg orally and on day 6 200 mg was 
given orally. There was no significant change in her 
clinical condition despite a considerable mse in the 
serum concentration of hepatic enzymes. Toxic 
hepatitis was suspected and amiodarone was stopped. 
Other treatment was not changed. Serum concentra- 
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tions of hepatic enzymes fell 24 hours after 
amiodarone was stopped. There was no change in her 
clinical condition. Propranolol (20 mg three times a 
day) was started on day 8 and the ventricular rate was 
rapidly controlled. The patient subsequently under- 
went mitral valve replacement. Other laboratory 
tests, including haemoglobin, urea, electrolytes, and 
erythrocyte sedimentation rate were normal. 
Hepatitis A and B markers, viral studies, and anti- 
tissue antibodies were negative. Blood cultures were 
sterile. 


PATIENT 2 

A 70 year old woman (weight 54 kg) was admitted 
with an acute inferior myocardial infarction. She had 
a past history of hypertension, angina, hypo- 
thyroidism, and polymyalgia rheumatica. She was 
taking atenolol, nifedipine, prednisolone, and 
thyroxine on admission. She had clinical and 
radiological evidence of left ventricular failure, blood 
pressure was 110/60 mm Hg, jugular venous pressure 
was elevated 7 cm, and her extremities were cool. The 
apex beat was displaced and there was auscultatory 
evidence of mitral regurgitation. There was firm 
regular hepatomegly (two fingerbreadths). Cardiac 
catheterisation showed evidence of pulmonary 
hypertension with a mean pulmonary capillary 
wedge pressure of 30 mm Hg, right atrial pressure of 
14 mm Hg, and confirmed gross mitral regurgitation. 
She was treated initially with intravenous diuretics, 
sodium nitroprusside, and dobutamine 2:5 ug/kg/ 
min. She remained unwell and on day 5 fast atrial 
fibrillation developed (160 beats/min). Intravenous 
amiodarone (300 mg) was given over 30 minutes, 
followed by 1200 mg over the next 24 hours. This 
dose (1200 mg/day intravenously) was continued 
until day 8 and then stopped because of an acute 
increase in the serum concentration of hepatic 
enzymes and once again a toxic hepatitis was suspec- 
ted. Serum concentrations of hepatic enzymes fell 
rapidly when amiodarone was stopped. Her clinical 
condition remained poor and she underwent mitral 
valve replacement on day 12. 


Discussion 


Although we cannot exclude an alternative cause of 
hepatic dysfunction, we believe that the clinical 
course suggests that amiodarone was responsible for 
the development of acute hepatitis in these two 
patients. 

Despite clinical evidence of cardiac failure both 
patients had normal concentrations of serum trans- 
aminases before the administration of amiodarone. 
There was no subsequent deterioration in their 
condition to account for the sudden increase in serum 
concentrations of transaminase or bilirubin. The 
suggestion that amiodarone caused the hepatitis is 
supported by rapid improvement in their liver func- 
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tion tests when amiodarone was stopped. 

The increase in serum transaminases with long 
term amiodarone treatment was reversible and dose 
dependent, and did not require withdrawal of the 
drug.!?* There have been only two previously repor- 
ted cases of possible acute hepatitis after intravenous 
amiodarone.’* The mechanism of acute or chronic 
amiodarone hepatotoxicity is not known. There have 
been reports of both cytotoxic and cholestatic liver 
damage induced by amiodaronc. It has been sugges- 
ted that steatosis and alterations resembling alcoholic 
hepatitis or cholestatic hepatitis may represent short 
term side effects with oral treatment, whereas 
micronodular cirrhosis may be a long term side 
effect. 

The pattern of abnormalities 1n our patients is 
typical of hepatitis. Severe acute hepatic dysfunction 
with intravenous amiodarone is rarely reported and 
our two cases suggest that the liver is more suscep- 
tible to amiodarone toxicity when it is haemo- 
dynamically compromised or hypoxic. 

Amiodarone is a popular antiarrhythmic agent 
because of its high efficacy in otherwise resistant 
arrhythmias and its freedom from any negative 
inotropic effects. In view of its widespread use, both 
intravenous and oral, it is important to be aware of 
any serious adverse reactions. We have reported 
these two cases to the Committee on the Safety of 
Medicines. 
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Biventricular function in Friedreich’s ataxia: a 
radionuclide angiographic study 
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O ZOCCARATO,* E GRAZIANO,* F FERRARI,t MMORPURGOTt 

From the * Division of Nuclear Medicine, Hospital of Saronno, Varese; T Department of Cardiology, San Carlo 
Hospital, and {Division of Nuclear Medicine, Cá Granda Hospital, Niguarda, Milan, Italy 


SUMMARY The systolic and diastolic function of both ventricles was assessed by radionuclide 
angiography in 21 patients with Friedreich's ataxia and hypertrophic cardiomyopathy. The indices 
of systolic function of the two ventricles and those of diastolic function of the right ventricle were 
generally normal. But in patients with Friedreich's ataxia the time to peak filling rate divided by the 
diastolic time of the left ventricle was significantly larger than normal. The increase correlated with 
the heart rate (r — 0-79) and this suggests an alteration in the timing of ventricle filling that is more 
evident at high heart rates. Movement of the left ventricle was little impaired; however, in 48% of 
the patients with Friedreich's ataxia the right ventricle showed evidence of hypokinetic segments. 

Because there is a tendency for congestive heart failure to develop in patients with Friedreich's 


ataxia, this hypokinesis of the right ventricle should be monitored at follow up. 


In earlier studies of left ventricular function in 
patients with Friedreich's ataxia we found: (a) a 
tendency for the pre-ejection period of the left 
ventricle to increase and for the ejection period to 
shorten, especially in patients with increased heart 
rates’; and (b) a significant reduction in left ven- 
tricular fractional shortening and ejection fraction of 
the left ventricle.? St John Sutton et al found that the 
diastolic function of the left ventricle, assessed by 
computerised M mode echocardiography, was 
abnormal in seven patients with Friedreich’s ataxia.’ 
Others reported a significant reduction in the thin- 
ning rates of the left ventricular posterior wall 
and interventricular septum in 13 patients with 
Friedreich’s ataxia.‘ 

The only scintigraphic studies of left ventricular 
function in patients with Friedreich’s ataxia are those 
of Pentland and Fox? and Therriault et al* in which 
the ejection fraction was normal in most cases. We do 
not know of any radionuclide studies of the diastolic 
function of the left ventricle and the overall function 
of the right ventricle in this disease. We have assessed 
the function of both ventricles by radionuclide 
angiography in a group of patients with Friedreich’s 
ataxia. 


Requests for reprints to Professor M Morpurgo, Via Boccaccio 24, 
20123 Milan, Italy 
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Patients and method 


We obtained gated blood pool scintigrams from 21 
patients (12 male patients and nine female patients; 
aged from 11 to 34, mean (SD) 19-5 (6-2)) in whom 
Friedreich’s ataxia was diagnosed by Geoffroy’s 
criteria’ and in whom there was echocardiographic 
evidence of left ventricular hypertrophy. Neuro- 
muscular impairment® was slight in six patients, 
moderately severe in three, and severe in 12. None 
had any signs of heart failure. The echocardiographic 
findings obtained in these cases (table 1) were 
compared with reference values from 50 healthy 
controls. 

For the scintigraphic study we used a control 
group of eight healthy volunteers (five male and three 
female, aged from 12 to 38 (mean (SD) 21:5 (5:0)). 
Gated radionuclide angiography was carried out 
after in vivo labelling of the erythrocytes with 
stannous diethylenetriamine pentaacetic acid and 
intravenous injection of 750 MBq of technetium- 
99m pertechnetate. T'en minutes after injection of the 
tracer each patient was examined in the supine 
position with a large-field Anger scintillation camera 
equipped with a general purpose low energy parallel 
hold collimator connected on line to a minicomputer. 
A computer program gated to the electrocardiogram 
(SYMA, Elscint) collected and organised scintigra- 
phic data into a series of 24 frames on a matrix of 64 x 
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Table 1 Statistical comparison ( Student's t test) of 
echocardiographic variables tn healthy controls and m 





patients with Friedreich!s ataxia 
21 cases of 
50 healthy Friedretch’s 
controls ataxia p 
Age 238(7 1) 19 5 (6 2) NS 
ale area 14(020) 1-5 (0 15) NS 
m 
LVEDD (mm) 46 (3 3 38 (5 3) «0:01 
FS% 39 (49 36 (83) «0-05 
IVSTh (mm) 73 a 3) 123(41) «001 
LVPWTh (mm) 69(11) 108(15) «0-01 
RWTh 0 310 (0 05) 0613(011) «001 
LV mass index 
(g/m?) 73 (16) 121 (50) <0-01 
IV. LVP- 
WTh 11(0 15) 1-1 (0 33) NS 





LVEDD, left ventricular end diastolic diameter; FS %, left 
ventricular fractional shortening; IVSTh, interventricular septum 
thickness; LVPWTh, left ventricular posterior wall thickness; 
RWTh, relanve wall thickness; LV mass index, left ventricular mass 
index. 


64 pixels that spanned the average cardiac cycle. The 
method has been validated for the assessment of the 
ejection fraction of both ventricles,’ '? 

We studied each patient in a left anterior oblique 
35—45* projection and in a projection obtained by 
turning the crystal 40° counterclockwise. Twenty 
four points that were representative of the volume 
curve for each ventricle were transferred to a memory 
of a desk computer (Hewlett-Packard 85) and fitted 
with a Fourier series; the first four harmonics were 
usually retained. The function obtained was 
differentiated to compute (fig 1) peak filling rate and 
peak ejection rate; the time to peak filling rate and 
time to peak ejection rate divided by the length of 
diastole and systole respectively were also calculated. 
Furthermore, we calculated the percentage of the 
stroke volume filled at the end of the rapid filling 
period and the percentage of the stroke volume filled 
at the end of atrial systole. We identified the end of 
the rapid filling period as point C on the derived 
curve.? The percentage stroke volume filled at the 
end of atrial systole was calculated as the difference 
between total stroke volume and the fraction filled at 
the end of the rapid filling period; the contribution of 
diastasis to the slow filling was discounted. 

Regional wall motion was assessed by examining 
the parametric images obtained by Fourier analysis 
of scintigraphic data.? Regional right ventricular wall 
motion was analysed by end diastolic and end systolic 
isocontours. On the right ventricular outline we 
identified the anterior and inferior walls. On the left 
ventricular outline we defined the septal, apical, 
inferior, and posterolateral segments in the left 
anterior oblique projection, and the apical and 
inferior segments in the anterior projection. 
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Figl The upper curve is a left ventricular volume curve 
obtained by equilibrium gated radionuclide angiography The 
lower curve is the first derivative of the left ventricular 
volume curve. Potnt A is the volume at which the peak 
ejection rate (PER) occurs. Point B ts the volume at which 
the peak filling rate (PFR) occurs. Point C 1s the point after 
which 20% of the PFR occurs and represents the end of the 
rapid filling period. Point D on the volume curve represents 
the corresponding volume that marks the end of the rapid 
filling period. ED, end diastole; ES, end systole. 


Table 2 Radionuchde variables describing left ventricular 
Junction (mean (SD)) 








Healthy Friedrech's 
volunteers ataxia 
(n 8) (n = 21) P 
Heart rate (beats/ 
mun) 64 (8) 77 (12) <0 02 
Ejection fraction 
(%) 71 (5) 75 (12) NS 
Peak ejecuon rate 
(EDV /s) -3 30 (0 38) —3 58 (0 74) NS 
TPER/ST 0:56 (0 a 0 55 (0 05) NS 
ST/RR 0 40 (0 03 0 41 (0 06) NS 
Peak filling rate 
(EDV/s) 3 55(0 od 3-35 (0 73) NS 
TPFR/DT 0 24 (0 06 0-32 (0 08) «0 025 
96 SV-REP 88 (3) 89 (7) NS 
96 SV-AS 12 (3) n (7) NS 





TPER/ST, ume to ne ejecuon rate/systolic time, TPFR/DT, ume 
to peak filling rate/diastolic ume; % SV-RFP, percentage stroke 
volume filled at the end of the rapid filling period, % SV-AS, 
percentage stroke volume filled during atrial systole; ST, systolic 
time, RR, RR mterval; EDV/s, end diastolic volume per second. 


STATISTICAL ANALYSIS 

All data are expressed as mean (1SD) with the 95% 
confidence limit as the range of normal values. All 
comparisons between patients and healthy controls 
were made by Student's t test and Bartlett's test was 
used to assess the homogeneousness of variances in 
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the two groups; linear regression variables were 
calculated by the method of least squares. 


Results 


LEFT VENTRICULAR FUNCTION 

Table 2 shows the data on left ventricular function. 
Indices of systolic function were usually normal, 
although the ejection fraction was greater than nor- 
mal in nine patients and reduced (0-40) in one. The 
ratio of time to peak filling rate to diastolic time was 
higher in patients (mean (SD) 0-32 (0-08)) than in 
normal controls (mean (SD) 0:24 (006). The 
increase correlated with increasing heart rate (r — 
0-79); there was a 24%, increase for each 10 beat/ 
minute increase in heart rate (fig 2). 


RIGHT VENTRICULAR FUNCTION 

The data on right ventricular function in our patients 
(table 3) were not statistically significantly different 
from normal values. 


WALL MOTION ABNORMALITIES 

The frequency of wall motion abnormalities was 
different in the left and right ventricles (table 4). The 
left ventricle showed hypokinetic segments in three 
(14%) of our 21 patients, with 8 (7-695) of 105 
segments being affected. The right ventricle showed 
wall motion abnormalities in 10 (48%) patients, with 
13 (31%) of 42 segments being hypokinetic. The 
alterations of right ventricle wall movement, 
however, were never severe enough to produce a 
statistically significant reduction in the ejection frac- 
tion. There were no akinetic or dyskinetic segments 
in either ventricle in any of our patients. 
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Fig 2 Linear regression between heart rate and left 
ventricular time to peak filling rate divided by the diastolic 
tume (LVTPFR[DT). 
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Table 3  Radwnuchde variables describing right ventricular 
function 








Healthy Friedreichs 
volunteers ataxia 
(n — 8) (n 21) P 
Heart rate (beats/ 
) 64 (8) TT (12) «002 
Ejecuon fraction 
(96) 58 (8) 54 (13) NS 
Peak ejection rate 
(EDV/s) -247(046)  -~225(059) NS 
TPER/ST 0 57 (0 15) 0 54 (0 15) NS 
Peak filling rate 
(EDV/s) 2 73 (0 49) 230 (0 59) NS 
TPFR/DT 0 87 (0 20) 0 90 (0 27) NS 





TPER/ST, nme to peak ejection rate/systolic time; TPFR/DT, ume 
to peak filling rare;diastolic ume, EDV/s, end diastolic volume per 
second. 


Table 4 Frequency of regional wall motion abnormalities of 
the left and right ventricles in 21 patients with Friedreichs 
ataxia 


No of patents Total segments —| Hypokinetic 
auth hypokimens examined Segments 
(%) 
Left ventricle — 3 ga 105 8 (8)* 
Right ventricle 10 (48 42 13 (31)f 


*Septal 2, apical 1, anterolateral, 1, posterolateral 2, inferior 2 
TAntenor 10, inferior 3. 


Discussion 


In our series of patients with Friedreich’s ataxia and 
hypertrophic cardiomyopathy, radionuclide angio- 
cardiography of the left ventricle showed that overall 
systolic function was generally normal, as did 
Pentland and Fox (in 12 similar patients) and St 
John Sutton et al (in seven patients examined by 
computerised M mode echocardiography)? The 
slight difference seen in our cases between the data 
obtained by M mode echocardiography and radio- 
nuclide angiography is not surprising in view of the 
different methods of calculating the ejection fraction. 
The radioisotope method is better, especially in 
patients like ours in whom movement of the interven- 
tricular septum and posterior wall of the left ventricle 
is abnormal. 

Only one of the indices that we investigated (table 
2) was significantly different in the patients with 
Fnedreich’s ataxia. This was the ratio of time to peak 
filling rate/diastolic-time interval, which was 
increased (p < 0-02); this was an average increase of 
24% for each heart rate increase of 10 beats/minute 
(r = 0-79). This suggests that in patients with 
Friedreich’s ataxia complicated by hypertrophic 
cardiomyopathy the timing of left ventricular filling 
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is abnormal, with the defect being more evident at 
higher heart rates. The left ventricular peak filling 
rate was generally normal, and this result accords 
with the computerised echocardiographic study of St 
John Sutton et al in a series of seven cases’ and with 
that of Casazza et al who studied 13 patients.‘ 
Echocardiographic (especially M. mode) assess- 
ment of the right ventricle is difficult; none the less, 
there are only a few angiographic studies, gen- 
erally of single cases of Friedreich’s ataxia, showing 
hypertrophy of the right ventricle, sometimes 
associated with dynamic infundibular stenosis. Our 
radionuclide study showed that the systolic and 
diastolic function of the right ventricle is essentially 
normal in such patients despite the relatively 
frequent detection of regional hypokinesia, usually of 
the anterior wall. With allowance for possible diag- 
nostic errors caused by the difficulty of distinguish- 
ing the free wall from the outflow tract of the nght 
ventricle, this finding may be clinically important if it 
accounts for the evolution of congestive heart failure 
that complicates certain cases of Friedreich's ataxia.“ 


It will be interesting to follow up our pauents to see ' 


whether alterations in the movement of the right 
ventricle are associated with the development of 
congestive heart failure. 
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Prediction of favourable responses to long term 
vasodilator treatment of pulmonary hypertension by 
short term administration of epoprostenol 
(prostacyclin) or nifedipine 


ADRIAN ROZKOVEC,* JOHN RSTRADLING,{t GILLIAN SHEPHERD,1 
JOHN MACDERMOT,i CELIA M OAKLEY,* COLIN T DOLLERY{f 

From the Departments of Medicine (*Clinical Cardiology and t Respiratory Medicine) and Clinical 
Pharmacology, Hammersmith Hospital and Royal Postgraduate Medical School, London 


SUMMARY Eighteen patients with moderate to severe pulmonary hypertension were studied, nine 
with intracardiac shunts and nine without. The effects of an incremental infusion of epoprostenol 
(prostacyclin) (0-5-8 ng/kg per minute) or sublingual nifedipine (20-30 mg) were compared with 
the response to three months’ treatment with oral nifedipine. 

Both epoprostenol and sublingual nifedipine caused a fall in pulmonary vascular resistance and 
pressure and a rise in cardiac output. Patients with intracardiac shunts had higher systemic blood 
flows than those without shunts. Exercise in the shunt group was accompanied by systemic 
desaturation and hyperventilation. Analysis of individual results showed that the size of the 
response was inversely related to the severity of the pulmonary vascular disease. A good long term 
response to nifedipine seemed to be as readily predicted by the resting control values for 
haemodynamic variables as by values after short term treatment. A favourable response was likely 
if the pretreatment mean pulmonary artery pressure was <50 mm Hg, the ratio of total pulmonary 
to systemic resistance was « 0-7, or the ratio of mean pulmonary artery pressure to systemic artery 
pressure was <0-6. 

Short term vasodilator protocols may do harm. If such studies are carried out, an adequate dose 


range must be tried before the long term efficacy of an individual drug can be forecast. 


Vasodilator treatment can produce a favourable 
haemodynamic response and improve exercise per- 
formance in some patients with pulmonary hyperten- 
sion. In more advanced disease a vasodilator may be 
ineffective because pulmonary vascular obstruction 
has become fixed and there 1s no vascular reserve. In 
such patients these drugs may do harm. It is not 
known whether the response to short term treatment, 
if favourable, is predictive of long term benefit. In the 
few studies designed to answer this question patient 
numbers have been too small, there has been sub- 
selection of patients after the short term vasodilator 
trial, or failure to standardise the long term treat- 
ment.” When different vasodilators are evaluated 
the agents under test should be given to the same 
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patients. Comparative studies suggest that some 
agents are better than others,** but none of these 
used a series of doses to cover the therapeutic range. 
There is therefore a need for a trial of the effects of 
vasodilator agents over a wide dose range to compare 
the short term and subsequent long term responses. 


Patients and methods 


METHODS 

Table 1 shows the clinical details of the 18 patients we 
studied. All had normal resting left ventricular 
function (table 2) and were stable at the time of the 
short term study, although three had clinical 
evidence of right heart failure (patients 7, 8, and 9). 
The diagnosis of primary pulmonary hypertension 
required the exclusion of embolic and restrictive lung 
disease that could have contributed to the hyperten- 
sion. 
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SHORT TERM STUDY measurements. Pressures were measured by Statham 
We tested fourteen patients (table 1). For two weeks P23 Gb transducers connected to an E for M VR12 
before the study they were kept off drugs that affected recorder and averaged over one or more respiratory 
platelet function or blood coagulation. They were cycles? Dextrose solution (595) containing three 
fasted overnight and were given 10 mg diazepam as units of heparin per ml was used to flush the lines. No 
premédication. The variables given in the tables and more than one litre of fluid was given during the 
figures were measured by standard cardiac catheter- procedure. Caffeine containing drinks were not per- 
isation procedures. There was an interval of at least mitted.” Total blood loss for sampling did not exceed 
one hour between angiography and the first set of — 200 ml. 


Table 1 Data on patients in the study 








Disease classification Exra- Short term 
Patent Agen mee vio Pulmonary — —————————————- Long term 
No Sex (yr) | Primary Secondary shuni scan angiogram Epoprostenol Nifedipine exercise 
1 F 26 P C C + + + 
2 F 55 P Cc C + + + 
3 F 45 P C C + + + 
4 F 56 P CRST* C cC + + + 
5 F 4l P SLEt C C 4 4 
6 F 30 P C C + + 
7 F 24 PE C C + + 
8 M 43 PE Cc c + + 
9 M 59 PE C C + + 
10 F 31 P PFO + C C + + 
11 M 22 PPFO PEt + NC NC + + + 
12 E 34 EASD * C C * 
13 F 50 EASD + C -— + + 
14 F 24 EPDA + — C + + + 
15 F 21 EVSD + — C + 
16 M 20 EPDA + + — Cc + 
VSD 
17 M 35 EPDA + — C + 
18 F 23 EVSD + = C + 
*Calcinosis, d's phenomenon, sclerodactyly, telangiectasis 
Clinically stable, Inactive systemic lupus. 
ous episode of septic pulmonary emboli. 


ASD, atrial septal defect; C, result consistent with diagnosis; E, Eisenmenger's syndrome; NC, result not entirely consistent with dugno 
(sec text); P, primary pulmonary hypertension; PE, chronic pulmonary thromboembolism; PFO, patent foramen ovale; PDA, patent ductus 
arteriosus, VSD, ventricular septal defect; vÀ, vennlation perfusion lung scan. 


Table2 Baseline values for short term study 








LVEDP or 
Panem BSA vo, Sao, Hb PA SA CI TPVRI  SVRI RVEDP PCW 
No (m) (76) (%) (g/100 ml) (mm Hg) (mmHg) (limin pern?) (Un) (Un?) (mmHg) (mm Hg) 
1 1-81 990 970 141 51 107 267 19-1 37-4 8 9 
2 1-45 801 94 0 138 52 90 105 49:6 792 12 12 
3 170 1600 941 14:8 47 107 3-21 14-6 308 12 6 
4 135 726 | 951 100 335 1-26 270 492 5 6 
5 1-61 600 934 130 70 100 1:22 57-4 752 11 —* 
6 164 874 953 135 62 78-5 1-73 418 418 7 5 
7 1-85 1100 | 944 148 625 91 127 49-2 59-0 18:5 12 
8 1-74 773 B&S 124 67 785 0-93 72:0 67-1 16 4 
9 192 925 930 154 525 865 1-25 42-0 516 25 8 
10 179 1029 825 160 103 78 296 641 650 9 5 
11 179 1035 909 171 845 88:5 1:87 500 33-7 15 9 
12 150 = 740 173 (150/10) 85 — — — 10 6 
13 144 985 870 17:3 69 845 1:35 667 45-4 11 8 
14 157 987 825 220 875 875 378 — 213 10 7 





*No evidence of left ventricular failure on x ray or echocardiogram. 

TRight ventricular pressure (mm Hg). 

BSA, body surface area; CI, cardiac index; Hb, haemoglobin; LVEDP/PCW, left ventricular end diastolic pressure or mean pulmonary 
capillary w pressure, PA, mean pulmonary artery pressure; RVEDP, right ventricular end diastolic pressure, Sao,, arterial oxygen 
saturanon; SA, mean systemic artery pressure; SVRI, systemic vascular resistance index; TPVRI, total pulmonary vascular resistance index, 
Vo, oxygen consumption, % predicted. 
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Expired gas was collected with a Tissot spirometer 
or Douglas bag during the final three minutes of each 
treatment and contro] period. The volumes were 
corrected to standard temperature and pressure (dry) 
and the oxygen content was measured with a Cen- 
tronic 200 MGA mass spectrometer. Arterial and 
mixed venous blood samples were drawn over the 
same period as gas collection, and oxygen saturation 
was measured by a CO-Oximeter 282. Control 
measurements were made before each of the three 
drug phases: (a) an epoprostenol infusion starting at 
0 5 ng/kg per minute with the rate doubled every 15 
minutes to a maximum of 8 ng/kg per minute; (b) a 
four hour epoprostenol infusion at a rate determined 
by the initial drug response, and (c) 10 mg sublingual 
nifedipine in three doses 20 minutes apart. The 
treatment order could not be randomised because of 
thelong duration of action of nifedipine. There wasa 
one hour interval between the successive periods of 
drug administration. Epoprostenol was prepared 
freshly in glycine buffer (pH 10-4) containing 
physiological saline solution to give a final pH of 9 5— 
10 0. The infusion was controlled by a Braun pump 
and given via the side arm of the catheter sheath into 
the right atrium. Nifedipine was given sublingually 
from a punctured 10 mg capsule shielded from the 


light. 


LONG TERM STUDY 

The maximum tolerated dose of oral nifedipine was 
given for three months "Treatment started in hospital 
and no other medication was given. At the end of 
three months, patients were exercised while on 
nifedipine and again one week after it had been 
stopped The same protocol was followed on 
each visit Patients were exercised on an Elema- 
Schonander bicycle ergometer with an increase in 
workload every minute.!! The increase was adjusted 
for each patient so that at least three stages could be 
completed. The end points were inability to continue 
through fatigue or dyspnoea, clinically significant 
arrhythmias, or symptomatic hypotension. 

Expired gases were collected and the volume 
measured by a Parkinson-Cowan dry gas meter, and 
the concentration of oxygen and carbon dioxide 
determined by the mass spectrometer. Arterial 
saturation was monitored with a Hewlett Packard 
47201A ear oximeter.” Blood pressure was recorded 
by an arm cuff at the end of each one minute stage. 
Two exercise tests were performed one hour apart: in 
the afternoon (after no more than liquid refreshment 
in the previous four hours) and between three and six 
hours after the last dose of nifedipine. Patients rested 
for 15 minutes on the bicycle before each exercise 
test, and breathed through the mouthpiece for the 
last five minutes of the rest period. Measurements 
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were made during the last 15 seconds of each minute 
of exercise. Gas volumes were corrected to standard 
temperature and pressure (dry). 

Patent participation in the whole study was 
incomplete (table 1). Because of the risk and the 
likelihood of a negative response it was difficult to 
justify repeat cardiac catheterisation or short term 
vasodilator studies in patients in whom Eisenmenger 
syndrome had already been diagnosed. Patient 10 did 
not wish to continue to the nifedipine phase of the 
short term study. T'hose excluded from the long term 
trial had right heart failure and were severely dis- 
abled, had effort syncope, or were unable to attend. 


STATISTICAL ANALYSIS 

For the short term study we used two way analysis of 
variance with adjustment for missing values Linear 
regression and Spearman's rank correlation was used 
for the subsequent explorauon of individual data. 
For the long term study we used paired and non- 
paired Student's r tests, two tailed, for comparisons. 
Differences where p « 0-05 were regarded as statis- 
tically significant. 


Results 


SHORT TERM STUDY 

Epoprostenol 

We studied 14 patients in the short term study (table 
1) but we restricted the statistical analysis to the nine 
patients who did not have intracardiac shunts. 
Patients 6 and 13 had an appreciable fall ın systemic 
pressure on the highest dose of epoprostenol and the 
infusion had to be stopped before completion of the 
last increment. 

During the epoprostenol infusion there were 
progressive dose related decreases in average pul- 
monary and systemic arterial pressure and resistance 
and in the arteriovenous difference for oxygen. 
Cardiac output, heart rate, and oxygen consumption 
increased (fig 1, table 3). These changes were all 
statistically significant by analysis of variance (p < 
0 001). Arterial oxygen saturation did not alter (mean 
of 93 9 to 93:194); this result was also found in the 
patients with shunts. 

The responses varied. For each of the variables 
that were altered by the infusion, a significant part of 
the observed change was caused by interindividual 
differences (analysis of variance). Individual respon- 
ses to epoprostenol were therefore analysed in the 
eight patients without shunts who received all the 
doses of epoprostenol up to and including 8 ng/kg per 
minute. The baseline haemodynamic variables of the 
patients showed a range of severity. In general, those 
with the highest total pulmonary vascular resistance 
index also had the highest systemic vascular resis- 
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tance index and the lowest cardiac index and stroke 
volume index. A low cardiac index was associated 
with a low systemic blood pressure and resting 
oxygen consumption (fig 2a, b, e). 

Figure 2 compares the pretreatment values with 
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values on the highest dose of epoprostenol; three 
patients with shunts are included for comparison. 
The plot of the initial total pulmonary vascular 
resistance index against the final index shows a 
significant linear relation (y = 116 + 0 46x) anda 
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Group responses to epoprostenol or nifedipine in the short term study of pulmonary hypertension. PA, mean pulmonary 


pressure; SA, mean systemic pressure; HR, heart rate, CI, cardiac index; TPVRI, total pulmonary vascular resistance 
index; SVRI, systemic vascular resistance index, Vo, oxygen consumption; A-V0,, arteriovenous oxygen content difference 


Table3 Drug effects (mean values) 1n short term study for the mne patients with no intracardtac shunts 











Control Epoprostenol infusion ( ng] kg per min) Control Sublingual nifedipine (mg) 

1 2 05 1 2 4 8 1 2 10 10 10 
PA 546 561 570 564 538 511 46 2 548 560 502 502 48 7 
SA 903 890 893 880 834 760 667 857 868 809 791 768 
PA/SA 061 0 63 064 064 064 067 069 064 065 063 063 0 63 
HR 794 713 814 833 822 833 89 2 83 1 879 88 8 89 2 871 
CI 167 159 173 177 191 230 322 194 185 226 218 258 
TPVRI 377 39 2 407 371 314 243 177 369 377 28 6 274 235 
SVRI 515 518 524 480 409 306 199 458 461 372 352 300 
TPVRI/SVRI 074 076 0 78 077 0 77 0 79 089 081 082 077 078 0 78 

1069 1079 104 3 1123 1123 1233 1428 1198 1170 1262 129 6 1374 
A-Vo, 716 7 26 735 707 6 36 5 74 505 725 698 626 602 587 





Vo,, ml/min per m?; A-Vo,, arteriovenous difference in oxygen content (ml/100 ml) Sec table 2 for other abbrevianons 
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Fig2 Indwidual responses to epoprostenol (8 ng/kg per min) in the short term study. O, responders; 
Wl, non-responders; @, patients with shunts. SVL, stroke volume index; RVSWI, right ventricular stroke work mdex. See 


legend to fig 1 for other abbrevianons. 
Correlations: 
Pretreatment Epoprostenol 

(a)r = 082,p < 005 — (Linear) 

(b)r= —-088,p<001 — (Rank) 

(c)r =O71,p < 0-05 — (Linear) 

(d)r = —088,p «001 r= —0-98,p < (Rank) 
0 005 

() r= —079,p «005 r= —-0-98,p< (Rank) 
0-005 

(f r= —0-65, NS r= —0-80,p < 0 05(Linear) 

(g) r = 0-75, p < 0-05 r = 0-69, NS (Linear) 

(h) r = 0-74, p «005 r = 0-62, NS (Linear) 


slope less than that of the line of identity (fig 2c). The 
proportional reduction in pulmonary vascular resis- 
tance was generally greater in those with a lower 
initial resistance value. 

The reduction in pulmonary and systemic resis- 
tance was accompanied by other changes in 
haemodynamic function that were usually propor- 
tional to the height of the initial pulmonary vascular 
resistance. Cardiac index and stroke volume index 
rose, especially in those patients with the lower initial 
values of total pulmonary vascular resistance index 
(fig 2d and e); the rise in oxygen consumption was 
also greater in these patients (fig 2h). Higher initial 
cardiac indices were associated with higher systemic 
pressure and oxygen consumption. The same was 
true at the end of the epoprostenol infusion (fig 2g 
and h). Right ventricular stroke work did not alter 
with epoprostenol (fig 2f). 

Another method of displaying the individual 
changes in pulmonary vascular resistance is to plot 


pulmonary blood flow against pulmonary artery 
pressure under control conditions and at the highest 
dose of epoprostenol (fig 3). In all except one patient 
the slopes of the lines between the baseline and post- 
treatment values were less than the line of constant 
pulmonary vascular resistance. Thus all but one of 
the patients showed a reduction in pulmonary vas- 
cular resistance but, unfortunately, most showed no 
change in the ratio of pulmonary to systemic artery 
pressure throughout the range of epoprostenol doses 
examined (fig 4). In patient 1 the ratio fell (a 
favourable response) and in two (patients 5 and 6) 
there was a considerable rise in the ratio. 

Five patients had a prolonged epoprostenol 
infusion. The dose ranged from 2 to 8 ng/kg per 
minute and the duration ranged from 40 minutes to 
three and a half hours. All developed symptoms, and 
in three this led to the drug being stopped. When the 
effect of the dose administered during the prolonged 
infusion was compared with the effect of the same 
dose during the initial part of the study, we found no 
significant differences in systemic blood flow (6:0 
(3-4) and 5-1 (1 4) l/min), mean pulmonary artery 
pressure (66-8 (38-6) and 65 6 (39-7) mm Hg), or 
mean systemic pressure (78-8 (7-2) and 82-6 (15-3) 
mm Hg). 


Nifedipine 


The design of the study with nifedipine resembled — 


that of the epoprostenol study. Doses were given 
sublingually at 20 minute intervals. Because 
nifedipine has a much longer half life than epopros- 
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Fig3 Changes in pulmonary blood flow, pressure, and vascular resistance with epoprostenol or mfedipine in the short term 
study. Total pulmonary vascular resistance is displayed as lines of equal resistance (5-80 U). An unequivocally favourable 
response is indicated by a downward sloping line 
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Fig4 Variation in indivoidual response with drug dose in the short term study. Only patient 1 showed a fall in the ratio of 
mean pulmonary artery pressure to mean systennc artery pressure; a rise in output uth no change in the ratio indicated a 
favourable response when the cardiac output rose. Patients with interatrial shunts responded badly, except patient 13. Patient 
14, with a rano of 1 throughout, had a patent ductus artertosus. 
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tenol, the action of the previous dose will have been 
carried over into the next dose. Thus dose-response 
curves must be interpreted with more caution. 

The observed responses with nifedipine were in 
the same direction but were less pronounced than 
those with epoprostenol (figs 1, 3, and 4, table 3). 


LONG TERM STUDY 
Patients were subdivided into those with shunts and 
those without. 


Exercise performance off mfedipine 

Heart rate, mean systemic pressure, minute ventila- 
tion, and minute oxygen consumption (p < 0:05 or 
less) rose both in patients with shunts and those 
without. There was a smaller fall in arterial oxygen 
saturation in those without shunts (2:895, p < 0 05) 
than in those with shunts (92-8 (2-6) to 69-1 (16 4)%, 
p < 0:001). None had dizziness, syncope, or cardiac 
arrhythmias during bicycle ergometry. All were 
stopped by breathlessness. Patient 12 was not exer- 
cised because of a history of effort syncope’; her 
symptoms did not improve on nifedipine. 


Effect of mfedipine on exercise performance 

Only nifedipine was given in the long term study. 
The design was open and the exercise performance of 
ll patients after three months of treatment was 
compared with that one week after nifedipine was 
stopped (table 1). The average maintenance dose was 
34 mg daily (range 10 mg twice a day to 20 mg three 
times a day). The maximum tolerated dose was 
determined by side effects, particularly headaches 
and dizziness. None of the patients developed right 
heart failure. The size of the maintenance dose was 
not related to the degree of response. Long term 
treatment with nifedipine had no effect on arterial 
oxygen saturation. In patients without a shunt, 
nifedipine increased the heart rate at rest (p < 0-01) 
but reduced the heart rate at peak exercise (p « 0-01). 
There were no such effects in the shunt group. We 
saw no drug induced changes in systemic blood 
pressure. 

On the basis ofthe best of the two exercise tests, the 
mean work performed for all the patients while on 
nifedipine was 264 (range 24 to 540) W and one week 
after stopping nifedipine it was 243 (range 32 to 420). 
Overall, these differences were not statistically sig- 
nificant but three patients (cases 1, 2, and 3) with 
relatively mild disease showed considerable 
deterioration in symptoms and decrease in work 
capacity of 54, 48, and 21% respectively after stop- 
ping nifedipine. The remaining eight showed no 
improvement in symptoms or work capacity (range 
+7 to —24%). Patient 4 had shown a similar 
favourable acute haemodynamic response to the first 
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three patients (fig 3), and at first had a markedly 
improved exercise tolerance on oral nifedipine. Her 
deterioration three months later probably reflected 
progress of her disease. She is the subject of a 
previous report." Patients 1 to 4 had a lower pulmon- 
ary artery pressure than the others 1n our series (table 
2). 

Patients 1 to 4 who responded to epoprostenol in 
the short term study—that is, they had a greater than 
40% fall in total pulmonary vascular resistance with a 
dose of 8 ng/kg per minute—also responded to 
nifedipine in the long term study; however, patient 4 
deteriorated towards the end of the three month 
period. Patients 7 and 8 who also responded to 
epoprostenol infusion were in right heart failure at 
the time of the short term study. Neither improved 
on oral nifedipine and neither was fit enough to 
exercise. The control haemodynamic values that 
were the best discriminators of patients who were 
likely to respond were a mean pulmonary artery 
pressure <50 mm Hg, a ratio of mean pulmonary to 
systemic pressure of <06, and a ratio of total 
pulmonary to systemic vascular resistance of «0-7 
(figs 2 to 4). 


Discussion 


'The main object of the study was to investigate the 
effect of two vasodilators on the pulmonary circula- 
tion in patients with severe obliterative pulmonary 
vascular disease and to identify those patients who 
were likely to respond favourably to vasodilator 
treatment. Both drugs reduced the pulmonary and 
systemic pressure; but the maximum effect of 
epoprostenol was greater than that of nifedipine. 
This may have been because the brief duration of 
action of epoprostenol permitted the infusion to be 
increased to the maximum tolerated dose, whereas 
the sublingual doses of nifedipine had a longer half 
life and the full effect was missed. 

The fall in systemic arterial pressure was greater 
than the fall in pulmonary artery pressure, but when 
the ratio of pulmonary to systemic pressure was 
examined over the whole range of doses used there 
was no systematic change. When the results were 
taken together, there was no evidence of a selective 
effect of either drug upon the pulmonary circulation; 
that is pulmonary vascular resistance did not fall by a 
greater proportion than did the systemic resistance. 
Individual responses showed substantial variability 
and in one patient, who demonstrated the greatest 
beneficial response to vasodilators, there was a con- 
siderable fall in the ratio of pulmonary/systemic 
pressure during infusions of 4 and 8 ng/kg per minute 
of epoprostenol. Two patients without shunts and 
three with shunts at the atrial level, all of whom had 
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severe disease, showed a rise in the ratio (fig 4). 

As previous workers have shown, the 
improvement in cardiac output that is seen with 
vasodilators can be attributed to pulmonary 
vasodilatation* ? '*—pulmonary artery pressure falls 
only slightly." * Any depressant effect of nifedipine 
on right ventricular contractile force 1s thereby 
obscured. Indeed, right ventricular stroke work was 
maintained. The more pronounced fall in systemic 
than pulmonary artery pressure is likely to be a 
consequence of the absence of fixed disease in the 
resistance vessels of the systemic bed. Despite the 
rise in cardiac output there was a fall in systemic 
blood’ pressure. This suggests that the normal 
baroreceptor mediated mechanisms for maintaining 
systemic pressure were overwhelmed by the action of 
the vasodilators. The rise in cardiac output was also 
coupled to an increase in oxygen consumption. This 
has been seen before after the use of vasodilators in 
pulmonary hypertension." The reason is not clear 
but perhaps oxygen use is greater after redistribution 
of flow within the tissues when cardiac output is 
restored. A further possibility is the energy cost of 
excessive ventilation. With both drugs there was 
hyperventilation, as judged by a small fall in arterial 
Pco, (not significant). It is noteworthy that in five of 
the patients without shunts resting pretreatment 
oxygen consumption was less than 90% of that 
predicted by the equation of LaFarge and Miet- 
tinen? (table 2). 

Neither drug caused a significant change in arterial 
Po, or oxygen saturation, although one consequence 
of pulmonary vasodilatation in pulmonary vascular 
disease is an increase in the ventilation/perfusion 
mismatch. Any rise in mixed venous oxygen content 
resulting from an increase in cardiac output 
ameliorates this adverse effect.?"? The patient with 
shunts included in the short term study reacted 
differently from patients without shunts (figs 2 and 
3). Vasodilator induced desaturation did not occur, 
suggesting that the rise in cardiac output, mixed 
venous oxygen saturation, and ventilation accom- 
panying systemic vasodilatation was sufficient to 
prevent this despite an increase in right to left 
intracardiac shunting. 

The similarity in the reactions to the two drugs 
used in this study and the way these altered in a 
systematic fashion with dose demonstrate the need 
for adequate dose comparison before it can be 
concluded that one vasodilator is useful to a patient 
and another ineffective or dangerous. The maximum 
dose of nifedipine used in the long term study was 
limited by side effects that may have been drug 
specific rather than consequences of the haemo- 
dynamic response. 

A good response to a vasodilator drug 1s seen as a 
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rise in cardiac output or a fall in pulmonary artery 
pressure or preferably both. When there is only a 
slight response the increase in right ventricular 
output may result 1n maintenance of a high pulmon- 
ary artery pressure, as was seen in most of our 
patients. A vasodilator drug with a positive effect on 
right ventricular contractile force may cause a rise in 
pulmonary artery pressure despite pulmonary 
vasodilatation.™ Conversely, pulmonary artery pres- 
sure can fall without pulmonary vasodilatation, as a 
result of a fall in output caused by depression of right 
ventricular function.” That this was not seen with 
nifedipine suggests that the afterload was reduced by 
pulmonary vasodilatation in each patient and that 
this outweighed any depressant effect on the right 
ventricular myocardium. Nifedipine is known to 
relax isolated human intrapulmonary arteries.” In 
another patient, not in this study, administration of 
nifedipine induced acute right ventricular failure ina 
man with chronic thromboembolic pulmonary 
hypertension. 

The long term study was open both for ethical 
reasons and because nifedipine induced symptoms 
such as headache and flushing in all the patients. The 
dose of nifedipine was titrated before the patient left 
hospital. Only four patients showed a favourable 
response to long term nifedipine and in the fourth 
patient the improvement was not maintained, proba- 
bly due to progression of her disease. These four 
patients had responded favourably to epoprostenol in 
the short term study. Because the two patients with 
right heart failure who responded to epoprostenol 
did not improve with the long term admunistration of 
nifedipine, it seems that the long term response could 
be predicted more accurately from resting 
haemodynamic variables than from the effect of 
epoprostenol. 

We suggest that short term vasodilator studies 
should be avoided where possible because they 
provide little additional information. A favourable 
response to the long term administration of 
nifedipine can be expected in patients with primary 
pulmonary hypertension whose disease ıs mild or 
moderate but not in those in whom it is advanced. 
Only three patients with chronic thromboembolic 
pulmonary hypertension were tested; none of them 
responded well in the long term. It 1s probable that 
the obstruction to pulmonary blood flow in such 
cases 1s much more mechanical rather than vaso- 
spastic. None of the patents with the Eisenmenger 
syndrome responded favourably; they had higher 
calculated pulmonary vascular resistance than the 
patients with pulmonary hypertension and no 
shunts. 

We do not know whether long term benefit from 
nifedipine will remove the need for, or indefinitely 
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postpone, heart-lung or lung transplantation in 
patients with primary pulmonary hypertension who 
are diagnosed and treated early! but this seems 
unlikely. The disease usually becomes worse.” 
It seems probable that unless the pulmonary artery 
pressure can be made to fall the disease process will 
continue to advance? and that amelioration of the 
patient's symptoms by the rise in output will prove 
to be temporary.” With our present knowledge, 
we believe that patients with severe disability, 
unfavourable haemodynamic features, and par- 
ticularly those with right ventricular failure, should 
not be denied transplantation in the hope that they 
will benefit from vasodilator treatment. There may, 
however, be a role for vasodilator treatment in 
patients awaiting heart-lung transplantation.” 


Conclusions 


The short term actions of epoprostenol and 
nifedipine in patients with severe pulmonary hyper- 
tension were very simular. Criteria for the prediction 
of a favourable clinical response to oral nifedipine 
were evaluated and resting haemodynamic variables 
were found to be as useful as the responses to short 
term treatment in the patients studied. Failure to 
titrate the dose has in part been responsible for a false 
impression that one vasodilator agent is effective 
when another is not”. Epoprostenol seems to have no 
advantage over nifedipine that would justify attempts 
to use this drug for long term treatment with all the 
attendant difficulties, hazards, and costs of prolonged 
intravenous treatment. 


We thank David Wright for assistance with statistical 
analysis and Keith Minty for technical help. We 
thank Wellcome Research Laboratories for the 
supply of epoprostenol. 
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Transient abnormal septal motion after non-surgical ~ 
closure of the ductus arteriosus 
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SUMMARY Abnormal septal motion on M mode echocardiography was seen in eight of 16 patients 
soon after non-surgical closure of the ductus arteriosus. Ten to twenty-nine months after the 
procedure the abnormal septal motion had disappeared spontaneously. The cross section of the left 
ventricular cavity was circular both when septal motion was abnormal and when it was normal. 
Cross sectional echocardiography showed that there was an exaggerated anterior swinging motion 
of the heart in systole in patients with abnormal septal motion on the M. mode recordings. T'he left 
ventricular end diastolic diameter before closure was significantly larger, and its reduction after 
closure was more pronounced in those with abnormal septal motion than in those without. This - 
suggested that the abnormal septal motion was associated with relief of long standing left 
ventricular volume overload. It is suggested that acute shrinkage of the heart caused temporary 
laxity of the pericardium, and consequently more movement of the heart within the thorax. The 
return of normal septal motion suggests that the pericardium gradually shrank to accommodate the 


smaller heart. 


Abnormal motion of the interventricular septum 
is seen in M mode echocardiograms recorded in 
right ventricular volume overload, pericardial 
disease,*? intraventricular conduction disturbance," ” 
ischaemic heart disease,'^* or after open chest car- 
diac surgery.” © We found transient abnormal septal 
motion in patients who had a ductus arteriosus closed 
by a catheter plugging method," which does not 
require thoracotomy. 


Patients and methods 


Sixteen patients (four men and 12 women; aged 19— 
58 (mean 38)) had non-surgical closure of the ductus 
arteriosus with a plug guided by catheters." '® This 
method is not suitable for patients with severe 
pulmonary hypertension. No patient had an 
intraventricular conduction disturbance, either 
before or after the procedure. 

Echocardiographic examinations were performed 
Requests for reprints to Dr Shintaro Beppu, National Cardiovas- 
cular Center, Research Insutute, 7-1 Fujishirodai, 5-chome, Suita, 
Osaka 565, Japan. 
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1-51 days (10 (12)) before and 1-13 days (7 (3)) after 
the ductus arteriosus had been plugged. Six patients 
were also examined 10-29 (16 (7) months after 
closure. 

We used a Toshiba SSH-11A or SSH-40A 
echocardiograph (both with a 2-4 MHz transducer). 
M mode echocardiograms were recorded by a 
Toshiba LSR-20A strip chart recorder at a paper _ 
speed of 50 mm/s. Cross-sectional echocardiograms ~ 
were recorded by a Victor BR-6400 video-tape 
recorder for subsequent frame analysis. The patients 
were examined ın the left oblique decubitus position, 
at held expiration during normal breathing. The 
transducer was manipulated to obtain the short axis 
view of the left ventricle at the level of the tip of the 
papillary muscle. We took care to get a cross section 
that was perpendicular to the long axis of the left 
ventricle and on which the endocardial surface was 
clearly defined. After the real time images had been 
recorded on video tape, the ultrasound beam was 
directed to the centre of the left ventricle and the M 
mode echocardiogram was recorded. We compared ~ 
this technique with the standard technique for 
echocardiographic recording of interventricular sep- 
tal motion. 
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MEASUREMENTS 
The systolic excursion of the interventricular septum 
was measured, with the leading edge of the left side of 


* the ventricular septum as the reference point. The 


Ld 


systolic phase was defined as the time from a peak of 
the R wave of the electrocardiogram to the time when 
the left ventricular posterior wall was in its most 
anterior position. A negative or zero value for the 
systolic excursion was regarded as abnormal motion. 
The left ventricular diameter was measured at end 
diastole and end systole. The right ventricular 
diameter was measured as the distance from the right 
ventricular endocardial echoes to the right side of the 
ventricular septum on an end diastolic recording. 
The left atrial diameter was measured on the M mode 
echocardiogram. 

Cross sectional echocardiograms were reviewed 
frame by frame on a video digitiser connected to a 
Hewlett Packard model 9845 T desk top computer. It 
is known that the left ventricular cavity is deformed 
by right ventricular volume overload.” To examine 
this deformation, the circumferential length and area 

_of the left ventricle at end diastole and end systole 
were calculated by digitising the endocardial surface 
of the left ventricle. 


Deformity index = (Ac-A)/Ac x 100(",) 


where A is the cross sectional area of the left 
ventricular cavity and Ac the area of an assumed full 
circle of the same circumference as that for the actual 
area measured. The distance of the centre of gravity 
of the cross sectional area of the left ventricle from the 
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Before After Later 
Fig2 Systolic excursion of the interventricular septum 
(IVS) before closure, soon after closure, and later. Anterior 
excursion is shown as a negative value. Half the patient: 
showed abnormal septal motion soon after closure but none oj 
the six examined showed it later. 


anterior chest wall was calculated automatically by 
the same digitising method. This is referred to as the 
centre of the heart. The systolic excursion of this 
centre was calculated from its end diastolic and end 





Fig ! 
plugging method (shown schematically in the middle panel). There was abnormal septal motion after closure of 
the ductus but not before. AO, aorta; PA, pulmonary artery. 


Representative M mode echocardiograms before and soon after closure of the ductus arteriosus by the 
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Table 1 Echocardiographic data (mean ( SD)) before (A and C) and after (B and D) the closure of the ductus arteriosus in 
patients showing abnormal septal motion (group 1) and normal septal motion (group 2) soon after the procedure 





Group I Group 2 
A B C 
IVSex (mm) 72(23) —21(17) 5:0 (1:3) 
LVDd (mm) 60 (3) 49 (4) 53 (5) 
LVDs (mm) 40 (3) 39 (4) 33 (3) 
(mm) 41 (6) 36 3 32 (4) 
RVDd (mm) 14 (3) 18 ( 16 (5) 
Cex (mm) 0-5 (1 4) 53(2 1) 19(1 2) 
DI 38 (0 8) 39(0 4) 4-2(1 2) 


p valve po 

D AvjB Ovj D Av|C  BvjD 

33 (09) 0005 0-005 0 05 0-001 

48 (5) 0 005 0-005 001 NS 

33(4) NS NS 001 002 

29 (5) 0005 NS 001 002 

19 (5) 0025 0-025 NS NS 

33 A 5) 0 005 0025 01 005 

45 (10) NS NS NS NS 


IVSex, excursion of mterventricular septum; LVDd, left ventricular end diastolic diameter; LVDs, left ventricular end diastolic diameter; 
LAD, left atrial diameter; RVDd, right ventricular end diastolic diameter, Cex, excurmon of the “centre of gravity” of the cross section of the 


left ventricle; DI, deformity index of the left ventricle. 


systolic position, and this was used to express the 
entire motion of the heart. 

Measurements from M mode recordings and from 
the cross sectional recordings were performed 
independently by two examiners. The mean of 3-5 
cardiac cycles was calculated for all measurements. 

The patients were divided into two groups accord- 
ing to septal motion within two weeks of closure: 
group 1 had abnormal septal motion and group 2 did 
not. 

The difference of the values obtained before and 
after closure in the same subjects was analysed by the 
paired z test and the difference between the two 
groups was analysed by Student's t test. Data were 
expressed as mean (SD), and a p value of « 0-05 was 
regarded as statistically significant. 


Results 


Before closure of the ductus arteriosus septal motion 
was normal in all patients. Soon after closure systolic 
septal excursion was found to be reduced in all 
patients. As a result, eight patients were placed in 
group 1 and the other 8 in group 2 (figs 1 and 2). 
Before closure the systolic excursion in group 1 had 
been larger than that in group 2 (table 1). Thus the 


'Table2  Haemodynarmic data (mean ( SD)) before closure 
of the ductus arteriosus in patients showing abnormal septal 
motion (group 1) and normal septal motion (group 2) after 
the procedure 


Group 1 Group 2 p value 
LV 142 (11) 113 (17) 0-01 
PA 31 (7) 25 (5) NS 
PAm 21 (8) 16 (4) NS 
CI 42(14) 30(04) NS 
Qp/Qs 2:1 (0 4) 16(02) 005 


LV, left ventricular systolic pressure; PA, systolic pa monay 
arterial pressure; PAm; mean pulmonary pressure; CI, 
cardiac index; Qp/Qs, pulmonary to systemic flow rano. 


more exaggerated the posterior movement of the 
interventricular septum before closure, the more 
anteriorly the septum moved after closure (fig 2). 
Several months after closure, septal motion had 
returned to normal in all patients. 

Peak and mean pulmonary artery pressure before 
closure were almost normal, and there was no’ 
difference between the groups 1 and 2. The pulmon- 
ary to systemic flow ratio was larger in group 1 than in * 
group 2 (table 2). Because the flow ratio was 1-0 after 
closure, its change was larger in group 1 than in 
group 2. Cardiac output was similar in the two 
groups. The peak pressure of the left ventricle was 
higher in group 1 than in group 2. 

Before closure the left ventricular end diastolic and 
end systolic diameters and left atrial diameter were 
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Fig 3 Correlations of left ventricular end diastolic diameter 
(LVDd) before closure and its reduction ratio soon after ne 
closure of the ductus. Patients with abnormal motion of the 
interventricular septum ( 9 ) had different results from those 
without (O). 
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Fig4 Short axis view of the left ventricle soon after closure of the ductus. This patient showed abnormal 
septal motion in M mode echocardiograms. The left ventricular cavity was circular at both end diastole 

ED) and end systole (ES). The left ventricle moves anteriorly in systole, as indicated by the overlapping 
images of the endocardial traces at end diastole (broken line) and end systole (solid line 


significantly larger in group 1 than in group 2 (p < 
0:01 in each) (table 1). This difference was compati- 
ble with the difference in pulmonary to systemic flow 
ratio between the two groups. After closure, the left 
atrial diameter became significantly smaller in group 
1 (p < 0:005) but was unchanged in group 2. The left 
ventricular end diastolic diameter became significan- 
tly (p < 0:005) smaller in both groups (by 18 (3)",, in 
group 1 and by 10 (4)”,, in group 2; p < 0:001). 

We believe that septal motion became abnormal 
because the large left ventricular cavity that was 
present before closure was considerably reduced 
after closure of the ductus (fig 3). 

The sizes of the right ventricular diameter before 
and after closure were similar in the two groups; and 
in both groups right ventricular diameter increased 
after closure (p « 0:025) (table 1). The short axis 
cross sectional echocardiogram showed that the left 
ventricular cavity was almost circular throughout the 
cardiac cycle in all patients both before and after 
closure (fig 4). The deformity index of the left 
ventricle was similar before and after closure in 
groups | and 2 (table 1). These results indicate that 
deformation of the left ventricular cavity was not the 
cause of the abnormal septal motion. 

The short axis view showed that the left ventricle 
moved anteriorly in systole in group 1 after closure 
(fig 4). The centre of the heart moved anteriorly in 
systole in both groups even before closure, though 
the magnitude of this movement was not significant. 
After closure of the ductus arteriosus the systolic 
anterior excursion increased significantly in both 


groups, but there was a larger increase in gr 
than in group 2 (table 1). This exaggerated ant 
excursion did not persist; it was not seen 10-29 (mear 
16(7)) months after closure. The systolic excursior 
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Systolic excursion of LV cavity 


Fig5 Relation between the systolic excursion of 
ventricular septum (IVS) and that of the left ventricu 
cavity before and soon after closure of the ductus | & 
in all patients examined. The linear correlation 


was statistically significant ip < 0:01 
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the interventricular septum was closely correlated 
with that of the centre of the heart before and after 
closure (y = L:3x-7, r = 0-81) (fig 5). Thus the 
abnormal septal motion was clearly caused by the 
exaggerated anterior motion of the heart. 


Discussion 


Septal motion can be abnormal in several conditions. 
It develops after therapeutic closure of the ductus? 
but the mechanism for this phenomenon is not clear. 
Catheter plugging is a non-surgical method of clos- 
ing the ductus arteriosus.” '* The procedure does not 
cause intraventricular conduction disturbances, 
pericardial adhesion, or myocardial ischaemia, which 
may all cause abnormal septal motion. After closure 
ofthe patent ductus abnormal septal motion develops 
despite relief of abnormal hemodynamic function 
and disappears spontaneously some time later. We 
found that the abnormal septal motion in the present 
cases was a consequence of an anterior swinging 
motion of the heart and we have sought an explana- 
tion for this. 

'The severity of left ventricular volume overload 
before closure of the ductus is one possible explana- 
tion. The larger the left ventricular cavity before 
closure, the greater was the extent of abnormal 
motion after closure. Enlargement of the left ven- 
tricular and left atrial cavities owing to the ductus 
was significantly and rapidly reduced to normal by 
closure of the ductus. This acute change was 
associated with the development of abnormal septal 
motion. 

Perhaps the reduction in size of the left heart 
induces relative right ventricular volume overload, 
which can cause abnormal septal motion. This 1s 
unlikely, however, because in our cases the right 
ventricular diameter was similar in the two study 
groups and the left ventricular cavity was almost 
circular in every patient. Deformation of the left 
ventricular cavity causes abnormal septal motion in 
patients with right ventricular volume overload.” 

Shrinking of the heart caused by an acute reduc- 
tion of long-standing left ventricular volume 
overload may cause the anterior motion of the heart. 
This feature resembles the abnormal septal motion 
seen in congenital absence of the pericardium.‘ Cross 
sectional echocardiograms showed that this results 
from the exaggerated systolic anterior motion of the 
heart,’ ? possibly attributable to excessive posterior 
movement of the heart during diastole in the absence 
of pericardial support. In addition, the short axis 
cross section of the left ventricle was circular in all 
phases of the cardiac cycle in congenital absence of 
the pericardium.” This was also characteristic of our 
patients with abnormal septal-motion. The pericar- 
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dium in a patient with ductus arteriosus may be 
stretched by the long-standing volume overload of 
the left ventricle. Closure of the ductus relieves the 
left ventricular volume overload and the heart— 
rapidly becomes smaller. The pericardium, however, 
does not shrink as rapidly,? and it becomes lax. 
Movement of the heart without pericardial restraint 
results in a swinging motion of the heart, as it does 
when there is no pericardium. Because we saw 
abnormal septal motion for only a short period after 
closure of the ductus we think that gradual shrinkage 
of the pericardium to the size of the heart leads to the 
disappearance of the abnormal swinging motion that 
is manifested by the abnormal septal motion on the 
echocardiogram. 


We thank Dr Makoto Takamiya and Dr Mitsushige 
Ohta, the radiologists who performed the present 
ductus closures by the catheter method. 

This work was partly supported by a Research 
Grant for Cardiovascular Disease from the Ministry 
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A histological study of the atrioventricular junction 
in hearts with normal and prolapsed leaflets of the 


mitral valve 


ANNALISA ANGELINI,* SIEW YEN HO,* ROBERT H ANDERSON,* 
MICHAEL J DAVIES,t ANTON E BECKER} 


From the * Department of Paediatric Cardiac Morphology, Cardiothoracic Institute, London; 1 Department of 
Histopathology, St George's Hospital Medical School, London; and {Department of Pathology, Academisch 


Medisch Centrum, Amsterdam, The Netherlands 


SUMMARY The mitral annulus is the point at which the atrial and ventricular walls meet the base of 
the mitral valve cusps. The suggestion that a variant of this arrangement termed ‘‘disjunction” was 
associated with prolapse of the leaflets prompted examination of the mitral atrioventricular 
junctions in seven normal hearts and six with prolapse owing to floppy mitral valves. A complete 
cord-like ring of connective tissue that encircled the atrioventricular junction and into which the 
three components were inserted at the same point was found in only one heart. The remaining. 
hearts all showed a mixture of segments in which either the three components were inserted into a 
cord or simply met. Disjunction, defined as a separation of the atrial wall-mitral valve junction 
from the other component, the left ventricular wall, can occur both with and without a cord-like 
annulus. There was no significant difference in the number of segments around the left 
atrioventricular junction which showed disjunction in hearts with normal or prolapsing leaflets. 

The feature termed disjunction is an anatomical variation of the normal morphological 
characteristics of the left atrioventricular junction. 


The pathogenesis of the floppy mitral valve remains 
controversial. Many theories have been advanced 
since Reid proposed a valvar origin for the mid- 

- systolic click and late systolic murmurs.' Jeresaty 
argued” that there were two theories to account for 
floppiness of the mitral valve. The first emphasises 

~the abnormality of the valve, whereas the second 
postulates myocardial involvement. Most mor- 
phological evidence accords with the suggestion that 
an abnormality of the valve is responsible for 
prolapse. Abnormality of the valve has been ascribed 
to a primary deficiency of the dense collagenous and 
fibrous layer of the leaflets** or an anatomical abnor- 
mality of the cords.?* 

A third possibility was proposed by Hutchins and 
his colleagues who suggested that a distinctive and 
basic anomaly of a floppy valve is disjunction of the 
fibrous annulus—that is a separation between the 
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atrial wall-mitral valve junction and the left ven- 
tricular attachment? They argued that this 
anomalous feature, through a process of hyper- 
mobility of the tension apparatus, could lead to 
floppiness of the leaflets. This group, however, 
studied only limited histological sections from a large 
number of hearts to demonstrate the significant 
association between so-called “disjunction” and^- 
floppy and prolapsed leaflets. 

It seemed to us that it was important to test their 
hypothesis by examining in detail the entire atrioven- 
tricular junction 1n a smaller number of hearts. This 
report describes our findings. 


Patients and methods 


We examined 13 hearts obtained an necropsy. The 
mitral valve was normal in seven (from 3 men and 4 
women) and floppy in six (from 4 men and 2 women). 
The specimens of normal hearts came from a group 
aged 66-80 years (mean 71:9) and those with floppy ^ 
valves came from a group aged 56-89 years (mean 
69-5). The valves were classified as “floppy” if they 
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Fig 1 Photomicrographs of sections showing structural variations in the left atrioventricular junction in hearts with normal 
leaflets of the mitral valve. The sections were cut perpendicularly to the atrioventricular junction. LA, left atrium; LV, left 
ventricle; MV, mitral valve. In (a) there is a cord-like annulus at the site of the left fibrous trigones whereas in (b) there is a 
fibrous continuity between the leaflets of the mitral and aortic valves. No dense fibrous aggregation resembling a cord-like 
annulus was detectable. In (c) a cord-like annulus supports the hinge of the leaflet from a basal tendinous cord | BC 

(d) Shows a curtain-like annulus. The atrial myocardium stops short of the hinge. There is a curtain-like annulus in (e) too 
where the atrial myocardium is inserted into the hinge of the leaflet. In (f) there is a curtain-like annulus attached below the 
apex of the ventricular wall. The arrangements seen in c, d, and e are all examples of so-called “disjunction” as defined by 
Hutchins et al.” Elastic- Van Gieson stain (original magnification, X 10). 





they were seen to have redundant leaflets with a 
dome-like expansion bulging into the left atrial 
chamber. The severity of the involvement of the 
leaflets varied. All the leaflets in all but one of the 
floppy valves were abnormal. In this specimen only 
the middle scallop of the mural leaflet was affected. 
Serial sections were cut perpendicularly to the 
valve ring along the atrioventricular junction of each 
heart every 3mm and stained with elastic- Van 
Gieson reagent. For each valve, we mapped the 
structure of the annulus and the presence of so-called 
"disjunction". Hutchins and colleagues defined dis- 
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Fig2 Photomicrographs of perpendicular sections showing the patterns 

of the left atrioventricular junction in mitral valves with floppy and 

prolapsing leaflets. The relation between atrium, ventricle, and annulus 

is similar to that shown in the normal valves. The leaflets are thickened, 

producing "disjunction" in 2a, 2, and d. Elastic- Van Gieson stain 
original magnification, * 10). 


junction as “‘a separation between the atrial wall- 
mitral valve junction and the left ventricular attach- 
ment’’.’ We also described the fibrous support at the 
atrioventricular junction as cord-like or curtain-like 
according to its sectional structure. We have des- 
cribed the general region of attachment of the mural 
leaflet at the atrioventricular junction as the hinge 
regardless of whether a cord-like or a curtain-like 
fibrous aggregation was present. The area of fibrous 
continuity between aortic and mitral valves was 
excluded from analysis, since there is no hinge-like 
arrangement with the ventricular myocardium along 
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Fig3 Diagram showing the structural vartations in the annulus around the left atrioventricular junction in all the valves 
studied. There 1s no significant difference between the number of segments TES so-called "disyunction" in the groups of 


hearts with normal and prolapsimg leaflets. 


this segment of the junction. 
Results 


Examination of the histological sections showed 
considerable variation in the arrangement of the 
atrioventricular junction and in the relation of the 
structures making this j junction, not only from heart 
to heart but within the same heart. Fig 1 shows the 
most common features: 

Thick and well organised fibrous structures that 
produce a cord-like segment of ring are always 
present at the site of the left and right fibrous 
trigones. These are the thickened areas at the 
extremities of the region of fibrous continuity be- 
tween the leaflets of the mitral and aortic valves. At 
the trigones, the aortic leaflet of the mitral valve 
hinges on the annulus with insertion of the atrial 
myocardium at the level of the hinge. The annulus 
itself 18 located at the apex of the ventricular myocar- 
dium (fig 1a). T'he area of fibrous continuity between 
the trigones is an extensive fibrous sheet joining the 
attachments of the two valves. Often no dense fibrous 
aggregation resembling a cord-like ring is detectable 
along this segment of valvar continuity (fig 1b). 
Threads of fibrous tissue occasionally extend 
laterally from each of the fibrous trigones and run 
posteriorly to embrace part of the orifice (fig 1c). In 
these areas, the atrial myocardium reaches the 
annulus, a basal tendinous cord süpports the valve 
leaflet, and the hinge of the leaflet is displaced 


upwards. These extensions of cord-like fibrous tis- 
sue, none the less, do not extend as a continuous 
structure throughout the circumference of the valve. 
In most cases, the fibrous tissue of the annulus is 
organised in many segments of the “rng” as a thin 
curtain-like structure (fig 1d, le, and 1f). In many 
areas (fig 1d), the atrial myocardium stops short of 
the hinge of the leaflet, leaving adipose tissue to fill 
the gap. Alternatively, the atrial myocardium may be 
inserted into the hinge (fig le) or the annulus may be 
attached below the apex of the ventricular wall 
(fglf. ' 

For the atrioventricular junction of the floppy 
mitral valves exactly the same range of variation 1s 
found as in normal hearts (fig 2). This holds true both 
for the site of abnormalities around the junction and 
for the type of collagenous aggregation (cord-like 
ring or curtain-like features). The only difference 
between normal and floppy valves was the presence 
of thickened leaflets in floppy valves. Figure 3 shows 
the variation in the morphology of the annulus from 
point to point around the junction of the hearts 
studied. So-called “disjunction”, as defined by Hut- 
chins and colleagues, was equally frequent in normal 
as in floppy valves (no significant difference as 
determined by Mann-Whitney test). 


Discussion 


Our results show that the arrangement in which a 
complete cord-like ring (or annulus) of connective 
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tissue encircles the left atrioventricular junction and 
supports the leaflets of the mitral valve, at the same 
time separating the contiguous segments of atrial and 
ventricular myocardium, is exceptional Such 
appearances were found at limited points around the 
junction of all the hearts we studied. No statistical 
difference could be detected between normal and 
floppy valves. The degree of collagen in the ring, 
especially in its curtain-like segments, varied from an 
easily identifiable structure as thick as the fibrous 
layer of the leaflets to a thin strand of fibres. 
Variation in the relation of the structures making 
up the atrioventricular junction was another charac- 
teristic of the mitral valve. The relation between the 
atrial and ventricular myocardial segments at the 
junction seemed closer in the floppy than in the 


normal valve. Indeed, some of our cases of floppy--~ 


valve demonstrated the feature defined by Hutchins 
and his colleagues as **disjunction"'.? It seems to us, 
however, that there is no displacement of the junction 
of the myocardial segments in these hearts. Rather, 
the apparent separation of atrial wall, valve leaflet, 
and ventricular myocardium (fdisjunction") is 
produced solely by the thickness of the leaflets at the 
hinge. It is, therefore, difficult for us to accept the 
view that in floppy valves there is a significant 
association with “disjunction” of the atrioventricular 
junction. 

It should be noted that in the study of Hutchins 
and his colleagues only one block was taken for 
histological examination from the obtuse margin of 
the mitral annulus of each normal heart.’ This 
method probably accounts for the small percentage 
of “disjunction” found in the normal hearts studied 
by Hutchins et al? We agree with Hutchins et al 
when they state that “disjunction” is an anatomical 
variation of the normal morphological characteristics 
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of the mitral annulus,’ as it is in floppy valves too. If 
hypermobility of the mitral apparatus is important in 
producing prolapse, it is probably produced by other 
abnormalities over and above so-called “disjunc- 
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Two simultaneous right ventricular tachycardias in à 
case of arrhythmogenic right ventricular dysplasia 


GIANFRANCO BUJA, BORTOLO MARTINI, ANDREA NAVA 
From the Department of Cardiology, Umversity of Padua, Medical School, Padua, Italy 


SUMMARY A51 year old woman with arrhythmogenic right ventricular dysplasia had two types of 
ventricular tachycardia—(a) a regular and sustained tachycardia and with normal frontal plane axis 
on electrocardiography and (b) an irregular non-sustained tachycardia with a leftward frontal plane 
axis. Changes in the QRS complex were sometimes seen during the sustained ventricular 
tachycardia. The clinical, electrocardiographic, and electrophysiological data were consistent with 
the diagnosis of two different and sometimes simultaneous tachycardias originating in the right 


ventricle. 


This case suggests a possible new mechanism for the multiform appearances of the ventricular 


tachycardia. 


Multiple forms of ventricular tachycardias are com- 
monly found in patients with arrhythmogenic right 
ventricular dysplasia’? But the simultaneous 
occurrence of two separate ventricular tachycardias 
has not been reported before. We report a patient 
with arrhythmogenic right ventricular dysplasia and 
unusual multiform sustained and non-sustained ven- 
tricular tachycardias, both with a left bundle branch 
block configuration but normal (+ 45°) and lefrward 
(—20°) frontal plane axis. The clinical, electrocar- 
diographic, and electrophysiological data support the 
diagnosis of two different and sometimes simultan- 
eous tachycardias both originating in the right ven- 
tricle. 


Case report 


A 51 year old woman had a three year history of 
untreated mild hypertension. For many years she had 
complained of occasional palpitation. The elec- 
trocardiogram in sinus rhythm was normal, with 
inverted T waves in V1 and V2 and flattening or mild 
inversion in V3, and isolated uniform extrasystoles 
with a left bundle branch block configuration. In 
August 1986 she was admitted to the coronary care 
unit with palpitation and hypotension; the elec- 
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trocardiogram showed regular, sustained ventricular 
tachycardia (180/min) and left bundle branch con- 
figuration with a normal frontal plane axis (+ 45°) (fig 
la). Intravenous hgnocaine (150 mg) was ineffective 
but a 150J electrical shock restored the sinus 
rhythm. 

The chest x ray was normal but the M mode and 
cross sectional echocardiography showed an abnor- 
mal trabecular pattern and regional dyskinesia of the 
inflow and apical segments of the right ventricle with 
generalised dilatation of the outflow tract. Few hours 
later brief episodes of non-sustained (4-5 QRS 
complexes), irregular, repetitive ventricular 
tachycardia were recorded at a rate of 110-130/min 
with left bundle branch block configuration and a 
leftward frontal plane axis (~ 20°) (fig 1b). On the 
second day, in the absence of drug treatment, the 
previous sustained ventricular tachycardia recurred; 
long electrocardiographic strips sometimes showed 
aberrations in the QRS complexes (generally in leads 
II, III, and aVF) that were characterised by gradual 
variations of the frontal plane axis from - 45? to 
— 20°, slight differences in the RR intervals, and 
fusion complexes (fig 2a). Intravenous flecainide (2 
mg/kg) was given slowly and abolished the ven- 
tricular tachycardia. 

The haemodynamic and angiographic investiga- 
tion showed a right ventricular end diastolic volume 
of 100 ml/m?, an end systolic volume of 68 ml/m’, 
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Figl (a) Electrocardiogram showing regular sustained ventricular tachycardia at a rate of 180 beats/nmn with left bundle 
branch configuration and normal axis (+45°) (b) Electrocardiogram showing irregular non-sustained repetitrve ventricular 
tachycardia at a rate of 110—130 beats/min with left bundle branch configuration and a leftward frontal plane axis of — 20° 
The electrocardiographic strip of I and IH shows the pattern of the ventricular tachycardia. 


and an ejection fraction of 32%; structural alterations 
of the trabecular zone, hypokinesia of the inferior and 
apical wall, bulging of the inflow tract, and infun- 
dibular dilatation were also present. The left ventri- 
cle was normal. 

At electrophysiological study the basal intervals 
were normal (PA = 35 ms, AH = 100 ms, HV = 
40 ms). Delayed and fractioned electrical potentials 
were recorded from the mght ventricular outflow 
tract. Clinical non-sustained ventricular tachycardia 
with a leftward frontal plane axis appeared spontan- 
eously, and a complete catheter electrode endocardial 
mapping, performed in eight different sites in the 
right ventricle, showed that electrical activation 
started in the right ventricular apex (fig 2b). Further- 
more, sustained ventricular tachycardia with a nor- 
mal frontal plane axis was easily induced by right 
ventricular extrastimuli during ventricular drive at 
600 ms with coupling intervals for $1-S2 of 280 ms 
to the right ventricular refractory period (220 ms). 
Accurate catheter electrode endocardial mapping 
showed that electrical activation started in the right 
ventricular outflow tract (fig 2b). In addition, during 
the induced clinical sustained ventricular tachycar- 
dia, the previous alteration of the QRS complexes 
appeared spontaneously, and catheter electrode 
endocardial mapping showed a simultaneous early 
electrical activation in both the right ventricular apex 
and outflow tract (fig 2b). Right ventricular overdrive 
at a cycle length of 300 ms or a bolus of intravenous 
flecainide restored the sinus rhythm during sustained 


tachycardia but not during non-sustained ventricular 
tachycardia, which reappeared after the infusion. 
Also, after flecainide right ventricular incremental 
pacing—with two or three premature stimuli during 
three different ventricular drives, and bursts, 
delivered to either the right ventricular apex or nght 
ventricular outflow tract, did not induce the sus- 
tained ventricular tachycardia. Oral flecainide (200 
mg/day) was given but at a follow up on 24 hour 
Holter monitoring sporadic episodes of the non- 
sustained ventricular tachycardia persisted. Treat- 


’ 


ment with amiodarone (1000 mg/week) was success- ' 


ful and 12 months later she was free of symptoms and 


arrhythmias. 


Discussion 


This patient with arrhythmogenic right ventricular 
dysplasia that affected the apex and the inflow and the 
outflow segments of the right ventricle may be 
described as having pleomorphic ventricular 
tachycardia.’ But she was -unusual in, having two 
types of ventricular tachycardia: (a) a sustained 
ventricular tachycardia with normal frontal plane 
axis and (b) an irregular, non-sustained, repetitive 
ventricular tachycardia with a leftward frontal plane 
axis that was not corrected by intravenous flecainide. 
Electrocardiographic strips recorded during the sus- 
tained ventricular tachycardia sometimes showed a 
gradual shift of the QRS axis from normal to left axis 
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Fig2 (a) Electrocardiographic trace of leads I-III during the spontaneous sustained ventricular tachycardia. Note the shift 
of frontal plane axis, the shght change in RR intervals, and the presence of fusion beats (arrows). (b) Spontaneous non- 
sustained ventricular tachycardia (left panel), the clinical sustained ventricular tachycardia induced by ventricular 
stimulation (middle panel), and the spontaneous alteration of the ORS complex (see fig 2a) recorded during the sustained 
ventricular tachycardia (right panel). Top to bottom. lead I, electrograms from the right ventricular apex (RV A distal and 
proximal electrodes), the right ventricular inflow tract (RVIT), the right ventricular outflow tract (RVOT distal and 
proximal electrodes), and VI and III. The earhest electrical activation was recorded in the RVA (left panel) and in the 
RVOT (middle panel). In the right panel, during the pleomorphism, the earhest activation changes were recorded in the 


RVOT in the first and the third beat, in the RVA (nearly simultaneously) in the second beat, and simultaneously ( RV A and 
RVOT) in the fourth FB, fusion beat. Late fractioned electrical potentials were recorded in RVOT (arrows). The vertical 
lines mark the onset of the earliest endocardial electrograms. Note that in each panel the electrograms precede the onset of the 


surface QRS complex Paper speed 100 mm]s. 


deviation, slightly irregular RR intervals, and fusion 
beats. 

Our case resembles a case reported by Strasberg et 
al who found ventricular tachycardia with right 
bundle branch block and right and left axis deviation 
in opposite directions’. In the absence of electro- 
physiological data they suggested that their patient 
had two separate foci or a common focus, within or 
close to the left bundle branch, with different exit 
pathways and different electrophysiological proper- 
ties. In our case the clinical and electrocardiographic 


behaviour and the response to the electrical stimula- 
tion and to flecainide strongly support the presence of 
two different electrophysiological mechanisms. 
Moreover, the results of endocardial catheter elec- 
trode mapping clearly showed that the two tachycar- 
dias had separate origins. 

Another unusual feature of our case was the 
occurrence of alterations in the QRS complexes 
during sustained ventricular tachycardia. Electro- 
physiological mapping of the right ventricle showed 
the simultaneous onset of ventricular activation in 
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both the apex and outflow tract, and this is further 
evidence that the two different tachycardias occurred 
together. As far as we know, mapping has never 
shown this feature before. Nevertheless, we cannot 
exclude the possibility of a single site of origin with 
different routes of impulse propagation and the 
simultaneous arrival of impulses at the apex and 
outflow tract. Our case shows that there can be 
widespread involvement of the right ventricle even 
when the heart silhouette is normal and there are no 
important clinical signs; this suggests a possible new 
mechanism for the multiform appearances of the 
ventricular tachycardia.* 


Buja, Martim, Nava 
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4.. Congenital diverticulum of the right atrium situated 


on the floor of the coronary sinus 


APETIT, JCEICHER, PLOUIS 


From the Department of Cardiology, Bocage University Hospital, Dijon, France 


SUMMARY A diverticulum of the right atrium was found on the floor of the coronary sinus in a 
neonate. The diverticulum was distinguished from a pericardial cyst by contrast echocardiogra- 
phy, and its relations with coronary sinus and coronary venous return were identified by coronary 
angiography. Because the diverticulum compressed the left ventricular inferior wall and prevented 
its growth, it was excised. Thebesian veins were discovered at operation and prevented complete 


correction of the defect. 


Congenital diverticula of the right atrium are rare 
anomalies, whereas idiopathic dilatation of the right 
atrium is more commonly reported. The coronary 
sinus may sometimes be slightly enlarged if it is 
receiving a left superior vena cava or total anomalous 
pulmonary venous return. Sizeable dilatation of the 
coronary sinus 1s uncommon and has been reported 
only once before.’ In this case, the right superior vena 
cava was absent, the persistent left vena cava drained 
the whole superior venous flow; the patient was 
symptom free. 

We report on a diverticulum that we found at an 
unusual site in a neonate. To our knowledge this is 
the second case of this anomaly to be described and 
the first one in which an operation was performed. 


Case report 


A 3 kg baby boy was born by caesarean section after a 
37th week twin gestation. He had talipes, and a 
precordial murmur was heard when he was 10 days 
old. His brother was normal. The patient was 
referred to the pediatric cardiology unit. Physical 
examination showed a symptom free baby without 
cyanosis, with a grade 4/6 pansystolic murmur and a 
single normal second heart sound. Chest radiography 
showed slight enlargement of the heart with a bulge 
from the right atrium and a slight prominence of the 
pulmonary vasculature. The electrocardiogram 
showed left axis deviation of 45°, an incomplete right 
bundle branch block, and a QS feature in leads II, 
III, and aVF. Echocardiography and pulsed Doppler 
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were performed. We found a small perimembranous 
ventricular septal defect and an ostium secundum. 
But the most striking discovery was the presence of a 
large cavity behind the posterior wall of the left 
ventricle. In the parasternal long axis view, this 
pouch seemed to reduce the tranverse diastolic 
diameter of the left ventricle, which measured only 
18 mm (fig la). In the subcostal view, this pouch 
could be seen to extend down to the inferior aspect of 
the heart (fig 1b). Because Doppler echocardiogra- 
phy did not detect any flow within this cavity, it was 
impossible to say whether the pouch was connected 
to any of the heart cavities or whether it was a 
pericardial cyst. Contrast echocardiography was 
performed after injection of dextrose into a left 
antecubital vein. Contrast echoes entered the right 
atrium immediately and then were quickly seen 1n the 
pouch, but never in the coronary sinus. This showed 
that the left superior vena cava had not persisted. A 
posterior diverticulum of the right atrium was diag- 
nosed. ; 

During the next few months the boy grew nor- 
mally and remained symptom free. 'T'he ventricular 
septal defect closed spontaneously when he was six 
months old. But repeat echocardiograms showed that 
the size of the pouch remained the same and seemed 
to prevent growth of the left ventricle. When he was 
eight months old the ventricle was the same size as 1n 
the neonatal period and left ventricular filling was 
shown to be abnormal by pulsed Doppler examina- 
tion. The peak velocity of atrial systole equalled that 
in early diastole. Cardiac catheterisation was perfor- 
med when he was nine months old. Pressures inside 
the right cavities were normal. A left to right shunt 
was found only at the atrial level (QP/QS = 2). In the 
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Fig 1 
left ventricle. {b 
D, d, diverticulum; rv, 


right atrium the catheter could be passed from the 
top to the floor through an atrial septal defect, 
through the tricuspid valve, and into a cavity in the 
left side of the chest in the anteroposterior view. The 
coronary sinus and left superior cava were not 
entered, The pressure and oxygen content of blood 
were the same in this pouch as in the middle of the 
right atrium. Left ventricular end diastolic pressure 
was normal (10 mm Hg). Angiography showed that 
the diverticulum lay below and behind the heart and 
communicated with the right atrium through a large 
opening (fig 2a). Left ventricular injection confirmed 
the restriction of the posterior wall, the position of 
which was abnormally high (fig 2b). There was no 
evidence of a connection between the right ventricle 





Fig 2 


a) M mode and cross sectional echocardiograms in the parasternal long axis view. The diverticulum lies behind the 
Cross sectional subcostal view through the inferior part of the heart into which the diverticulum extends. 
right ventricle; lv, left ventricle; la, left atrium; ao, aorta; MV, mitral valve; RA, right atrium. 


and the pouch. An intracardiac electrocardiogram 
was performed to locate the electrophysiological 
pathways. There was no anomaly either in the right 
atrium or in the right ventricle. A QS feature was 
recorded inside the diverticulum as well as at the 
inferior wall of the heart. This feature was identical 
with the same QS feature in surface leads II, III, and 
aVF. 

The anatomy of the coronary sinus was studied by 
selective coronary angiography. The coronary veins 
drained normally into the coronary sinus, which was 
not enlarged and overhung the opening of the 
diverticulum inside the right atrium. 

Surgical correction was undertaken at the age of 11 
months. The diverticulum was found to extend over 
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Cineangiograms showing (a) anteroposterior view after injection of contrast into the diverticulum and (b) 30° right 


anterior oblique view of the left ventricle, which is raised up by the diverticulum which lies between the posterior wall of the 


ventricle and the right coronary artery (rca 
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all the diaphragmatic area of the heart. There was a 
1 cm diameter opening between the tricuspid valve 
and the ostium of the inferior vena cava. Some 
thebesian veins drained into the inlet of the pouch 
and therefore prevented complete closure of the 
defect at operation. The distal four fifths of the 
diverticulum were closed by resection of the redun- 
dant tissue and with a padding suture. The atrial 
septal defect was then closed. At the end of the 
operation a tiny cavity remained at the junction 
between right atrium and left ventricle inferior wall 
to receive the coronary sinus and thebesian veins. 
Histological examination of the diverticulum wall 
showed that it was made of normal atrial tissue. 

The postoperative course was uneventful. Three 
months later physical examination was normal. The 
radiographic enlargement of the heart had decreased. 
The electrocardiogram showed that the QS feature in 
the frontal leads had disappeared and the electrical 
axis view had become perpendicular to the frontal 
plane. Echocardiography in parasternal long axis 
view showed the absence of the cavity and that the 
left posterior wall adjoined the pericardium. The 
subcostal view showed a tiny pouch behind the 
tricuspid valve and the interventricular septum. 
Examination by pulsed Doppler showed that left 
ventricular filling was normal and that the diameter 
of the ventricle in diastole had increased to 30 mm. 


Discussion 


This diverticulum developed at the junction between 
the coronary sinus and the right atrium. We have 
found only one similar case in published reports.’ It 
was of a neonate with a hypoplastic left ventricle who 
died at the age of four days. The echocardiogram and 
necropsy showed a large diverticulum behind the left 
side of the heart with an opening on the floor of the 
coronary sinus into which a left superior vena cava 
drained. 

The explanation for the diverticulum may lie in 
embryological development. The right Cuvier's 
canal becomes the right superior and inferior vena 
cavae while the left canal usually regresses after the 
fourth week of pregnancy to become the coronary 
sinus or sometimes a persistent left superior vena 
cava. In Di Segni's case, as in ours, incomplete 
regression of the left Cuvier's canal may explain the 
presence of a retrocardiac pouch. Furthermore, the 
hypoplastic left ventricle in Di Segni's case and the 
failure of our patient to thrive suggest that such a 
diverticulum causes compression and leads to under- 


development of the left ventricle. This is why we 
recommended early excision of the diverticulum. 

Another possible site for a diverticulum of the 
right atrium is anterior, on the appendage. There is 
one report of such a case, in which an enormous 
diverticulum covered the anterior side of the heart, 
and caused severe episodes of arrhythmia when the 
patient was 16. The cavity contained a thrombus and 
the patient recovered after its removal.’ 

We would expect the prognosis when a diver- 
ticulum is present to resemble that of idiopathic 
dilatation of the right atrium, which is a more 
common condition. The parietal wall of a diver- 
ticulum contains normal amounts of atrial muscie 
fibres, as in our case, or slightly reduced amounts,’ 
but in idiopathic dilatation of the right atrium the 
parietal tissue is almost devoid of muscle fibres.’ 
Although it was initially regarded as benign, 
idiopathic dilatation has been found to be associated 
with congestive heart failure,’ arrhythmias.’ and 
sudden death." 
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Echocardiographic diagnosis of multiple congenital 
aneurysms of the sinus of Valsalva 


HASSAN CHAMSI-PASHA,* CAROLYN MUSGROVE,ft ROSS MORTON} 
From the Departments of * Medicine, 1 Histopathology, and 1 Nephrology, Hope Hospital, Salford 


SUMMARY Aortic regurgitation developed in a 56 year old man with severe nephrotic syndrome. 
Cross sectional echocardiography showed bilateral aneurysms of the sinus of Valsalva and a 
bicuspid aortic valve. He died of intercurrent pneumonia. Postmortem examination confirmed the 


presence of the congenital aneurysms. 


Congenital aneurysm of the sinus of Valsalva usually 
affects only one aortic sinus; however, cases of 
multiple congenital aneurysms of the sinus of Val- 
salva have been reported. Cases of acquired 
aneurysm are seen in endocarditis and syphilis. 
Several reports have suggested that aneurysms of the 
sinus of Valsalva can be diagnosed by echocardio- 
graphy.^ 

We report a case of congenital bilateral aneurysms 
of the sinus of Valsalva in a patient with a bicuspid 
aortic valve. 


Case report 


A 56 year old man presented with a one week history 
of ankle and facial swelling. He had a short history of 
anorexia and had lost a few pounds in weight. 

On examination he looked well. His blood pressure 
was 110/60 mm Hg and he had a grade 2/6 early 
diastolic murmur in the aortic area. The jugular 
venous pressure was not raised. He had pitting 
oedema of the ankles and dipstick testing of his urine 
showed that it contained blood and a large amount of 
protein. 

The diagnosis of an acute nephritis associated with 
the nephrotic syndrome was confirmed (serum urea 
29-9 mmol/l and creatinine 260 pmol/] and urinary 
protein excretion 58 g/l). Immunological studies 
including immunoglobulin and complement concen- 
trations and antinuclear factor antibodies were nor- 
mal. A renal biopsy specimen showed changes of 
focal segmental glomerulosclerosis. 

Repeated sets of blood cultures were negative for 
bacteria and fungi. The electrocardiogram showed 
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left ventricular hypertrophy and his chest x ray 
showed moderate cardiomegaly. 

Cross sectional echocardiography was performed 
with a Hewlett Packard 77020A real time phased 
array scanner. It showed a bicuspid aortic valve that 
was thickened and calcified. The excursion of the 
aortic valve was impaired. The parasternal sagittal 


view (figure a) showed bilateral aneurysms of the . 


sinus of Valsalva. The first aneurysm, which Was 
2 cm in diameter, arose from the right coronary sinus 
and protruded into the right ventricular outflow 
tract. The second aneurysm arose from the left 
coronary sinus and protruded into the left atrium. 
The left ventricle was moderately hypertrophied and 
there was a small pericardial effusion. 

Surgical correction of these aneurysms was 
prevented by the renal failure and massive protein 
loss (up to 80 g/day). After therapeutic renal artery 
embolisation he was maintained on regular 
haemodialysis, but a pneumococcal pneumonia 
developed and he died. 

At necropsy the left ventricular hypertrophy and 
the presence of a bicuspid aortic valve were con- 
firmed. The valve cusps showed fibrocalcific thick- 
ening and mild stenosis. There were bilateral 
aneurysms of the sinus of Valsalva (figure b). Both 
had a fibrous wall, contained organising blood clot, 
and communicated with the sinus via a defect lying 
between the cusp insertion and the coronary artery 
ostium. The right aneurysm of the sinus of Valsalva 
measured 2-5 x 15 x 3-0 cm and lay between the 
aortic root and the pulmonary infundibulum, with 
extension into the upper intraventricular septum. 


There was a rupture, 1 8 cm in diameter, through to .. 


the subvalvar area. The left aneurysm of the sinus of 
Valsalva measured 2-0 x 1:0 x 28cm and lay 
between the aortic root, left atrium, and left atrial 
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Figure 


Parasternal long axis echocardiographic view (a) and section (original magnification * 1:2) (b 


LA 


through the left 


ventricular outflow tract showing two aneurysms ( An) of the sinus of Valsalva with rupture (Rup) of the right aneurysm int 
the left ventricle (LV). EP, entry points of aneurysms; A, aorta; RV, right ventricle; LA, left atrium; MV, mitral 


appendage. Rupture through to the subvalvar area 
was incipient. 


Discussion 


Aneurysms of the sinus of Valsalva are rare. To date 
there have been 276 cases reported in English.*"* 
Such aneurysms often present after rupture in adult 
life. The diagnosis may be suspected from a history of 
abrupt onset of symptoms including dyspnoea, chest 
pain, or palpitation in the presence of a continuous 
murmur.’ The mean age of presentation is 31 years. 
Most patients present with congestive cardiac failure 
and about 18", are symptom free at the time of 
detection. Aneurysms of the right sinus are fre- 
quently associated with a ventricular septal defect. 
The clinical manifestations of a ruptured aneurysm 
of the sinus of Valsalva depend on the direction and 
amount of blood flow through the abnormal intracar- 
diac communication. The lesions are most commonly 
found in the right sinus and non-coronary sinus.' 
Perforation into the right sided cavities is more 
common; however, rupture may also occur into the 
left side of the heart, the pulmonary artery, the 
superior vena cava, the pericardium, and the 
intraventricular septum.’ ^ 

In practice the diagnosis is usually confirmed at 
angiography; but several reports have shown that M 
mode and cross sectional echocardiography are 
valuable for non-invasive diagnosis."" Rupture of an 
aneurysm into either the right ventricular outflow 


tract or to the right atrium has been seen in paraster 
nal views." In our patient the aortic sinuses from 
which the aneurysms originated could be identified 
on parasternal views, and a possible rupture int 
left ventricle was noted. Unfortunately, Doppl 
echocardiography, which would have been of great 
value in confirming the presence of a communicatior 
between the aneurysm and the left ventricle, was not 
available to us at the time of the examination 

Aneurysms of the sinus of Valsalva arising from 
bicuspid aortic valves are very rare—only five 
have been reported,'* " and rupture of a right sided 
aneurysm of the sinus of Valsalva into the left 
ventricle has been reported in only three cases." We 
believe that ours may be the first report to describe 
the echocardiographic features of multiple congeni 
tal aneurysms of the sinus of Valsalva 
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Da Costa’s syndrome or neurocirculatory asthenia 


Sir, 

Da Costa’s syndrome or its major physiological 
elements are common in patients with normal coron- 
ary arteries and in coronary arterial disease,’ and 
their management lies in the province of cardiac 
rehabilitation. From the therapeutic point of view it 
is surprising to find Dr Paul (1987;58:306—15) omit- 
ting some of the most important considerations. For 
example, he does not refer to the extensive work that 
has given a leading aetiological role to hypocapnia 
and respiratory alkalosis.*? Failure to recognise this 
role of hyperventilation is an error: its neglect 
prevents a rational approach to the dynamic factors 
that are capable of reducing the coronary circula- 
tion,'? it invites a needlessly high surgical referral 
rate,’ and takes away the possibility of dealing with a 
major cause of illness behaviour after myocardial 
infarction.’ 

The exhaustion factor so well known to Thomas 
Lewis and James Mackenzie requires treatment 
because it promotes high levels of arousal and 
sympathetic nervous activity that are aggravated by 
hyperventilation, together with habituation defects, 
limbic dysfunction, and disturbed activity of the left 
cerebral hemispbere.?' The high levels of arousal 
interfere with sleep, reduce anabolic opportunities,’ 
and lower the threshold for angina pectoris.” Defec- 
tive habituation encourages the heart rate, the blood 
pressure, and other neuroendocrine responses to 
sumuli to become “undamped”’ and excessive, and 
thereby reduces the capacity for effort. The patient’s 
furious struggling to keep up a customary range of 
activities perpetuates the arousal and increases the 
disabilities." 

We beleve that the cardiac rehabilitation 
programme should accommodate these physiological 
factors and pay close attention to sleep, arousal, the 
breathing, the balance of rest and effort, and the self- 
esteem of the patient (acronym, SABRES).?? 

Reassurance does not have a longlasung effect 
upon the physiological degradation caused by 
hyperventilation and disordered habituation, nor can 
physical training restore high level fitness and 
stamina where performance 1s undermined by sleep 
loss, hyperarousal, hyperventilation, exhaustion, and 
loss of self esteem from seemingly endless cycles of 
frustration and defeat. 


Dr Paul's recommendations sound uncomfortably 
like those that obtained no more than a 15% recovery 
rate in the era before we learned about hyperventila- 
tion and habituation. 


Jenny C King, 

P GF Nixon, 

Cardiac Department, 
Charing Cross Hospital, 
Fulham Palace Road, 
London W6 8RF. 
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This letter was shown to the author, who replies as 
follows: 


Sir, 
I thank Miss King and Dr Nixon for their comments 
on my review of Da Costa's syndrome (1987;58:306— 
15). 


727 


728 


Their first concern 1s to emphasise the “leading 
aetiological role" of hyperventilation with hypo- 
capnia and respiratory alkalosis in this syndrome. I 
agree that most patients with this condition complain 
of breathlessness, some may sigh intermittently, and 
a few may hyperventilate chronically. (Comroe 
defines hyperventilation as “alveolar ventilation in 
excess of that needed to eliminate metabolically 
formed CO,”.') Unfortunately, as the reports cited 
both in my review and in the above letter indicate, 
although there have been excellent descriptions of 
physiological and clinical abnormalities resulting 
from hyperventilation (as defined by Comroe), it has 
not been possible to equate these with Da Costa’s 
syndrome. Most patients with the syndrome do not 
hyperventilate chronically, their blood studies do not 
reveal consistent alkalosis, and essentially they never 
show the signal features of full-blown hyperventila- 
tion—that is numbness and tingling of the hands, 
feet, mouth, and tongue, spasms of the hands and 
feet, twitching, and finally convulsions. The whole 
issue was discussed by Paul Wood who wrote “the 
total evidence indicates that hyperventilation cannot 
be held responsible for the symptoms and signs of Da 
Costa’s syndrome, neither by causing tissue alkalosis 
nor by interfering with the circulation; but it does 
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British Cardiac Society 


The Autumn Meeting will be held at the Wembley 
Conference Centre, London, on 22 to 24 November 
1988. The closing date for receipt of abstracts has 
been changed to 24 June 1988 and is not as indicated 
in an earlier notice 

The Annual General Meeting for 1989 will take 
place in Oxford on 6 and 7 April 1989, and the closing 
date for receipt of abstracts will be 6 January 1989. 


Correspondence 
occur in some, and when present must aggravate 
certain of the symptoms" ? I find no reason with the 
passage of 47 years to differ with these conclusions. 


Their second comment calls attention to exhaus- ~~ 


tion and its complications. I agree that there has been 
solid support for the role of exhaustion in certain 
patients, especially during wartime conditions. 

Their third group of remarks relates to rehabilita- 
tion and treatment and in general I also concur with 
these, although I have found reassurance to be 
extremely helpful, and indeed critical. 


Oglesby Paul, 

Countway Library of Medicine, 
Harvard Medical School, 

10 Shattuck Street, 

Boston, Mass 02115, 

USA. 
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Royal Children's Hospital 


Flemington Road, Parkville, Vic. 3052. 


CARDIAC SURGEON 
(SESSIONAL: GEOGRAPHICALLY FULL-TIME) 


The Royal Children's Hospital through the Victorian Paediatric Cardiac Surgical Unit provides paediatric cardiac 
Surgical services to a population of five million people covering Victoria, Tasmania, South Australia and parts 
of southern New South Wales. In addition, complex cardiac surgical cases are referred from other states and 
from Asia. Interstate and overseas patients account for approximately a third of the open heart case load of 
700 cases per annum. The Hospital is encouraging the development of links with South East Asia. 


The Hospital is the Paediatric Teaching Hospital of the University of Melbourne and has 400 beds providing 
a complete range of primary, secondary and tertiary services. The Hospital is located adjacent to the University 
and Adult and Obstetric Teaching Hospitals. 


The Unit manages all forms of congenital heart disease with accent on neonatal and infant repair. The service 
is supported by a well staffed and modern Cardiac Investigation Department and an Intensive Care Unit of 
20-24 beds. The Hospital will shortly be undertaking a major upgrading of the Operating Rooms, Intensive 
Care and Neonatal facilities which will provide a dedicated two Operating Room Cardiac Surgical Complex. 


Facilities and support exist for associated research. 


Further inquiries can be directed to Mr. Roger Mee, Director of Cardiac Surgery telephone (03) 345 5200 or 
Mr. J. Kelly, Chairman of the Division of Surgery telephone (03) 345 5278. Applications should be sent to 
the undersigned by Friday, 29th July, 1988. 
DR. BARRY R. CATCHLOVE, ; 
35555 CHIEF EXECUTIVE 
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